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flPTba FEACMENTq *MD TIECOMBTN1NT DNA EXPRESSION VECTORS 
CTOflfi-PEPERENCE TQ RELATED APPLICATIONS 

This is a continuation-in-part of copending application 
Serial No, 07/613,083, filed November 14, 1990, which is a 
continuation-in-part of Serial No. 07/460,674, filed on 
January 4, 1990, which is a continuation-in-part of Serial No. 
S 07/121,494, filed on November 17, 1917. 

The invention described and claimed in the aforementioned 
•674 application relates to a class of peptides useful for 
inhibiting the binding of von willebrand factor (vWF) to 
platelet membrane glycoprotein Zb (OPZb) , The present 
10 application is concerned with the subject matter of the *674 
application and also with novel DNA expression vectors 
encoding peptides and polypeptides useful for inhibiting the 
binding of vWF to GPIb, such peptides and polypeptides 
including the types referred to in th^ 9 674 application. 

15 PTELD OF THE INVENT TON 

This invention relates to (A) peptides and polypeptides 
which inhibit the binding of von Willebrand factor to platelet 
membrane glycoprotein Tb and GPIb expreseed on the surface of 
any cell of megakaryocytic lineage; (B) the use of these 

26 peptides and polypeptides in the prevention of platelet 
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aotivation, aggravation and aurface adhesion; and (C) to tha 
uaa of thaea paptidaa and polypaptidaa in tha prevention of 
thronbcsie. Tha praaant invention ralataa also to (D) 
recombinant DMA axpraaaion vactora which encode paptidaa and 

5 polypaptidaa which inhibit binding of vWF to GPIb, wherein 
aaid peptid-a and polypaptidaa inoluda tha amino tarainal 
ragion of platalat mambrana glyeoprotoin Zba (OPZba) , or any 
aaquantial aubaat tharaof; and (E) hoat calla tranafornod by 
auch vactora. Thoaa vactora ara uaaful in tha production of 

10 paptidaa and polypaptidaa which can ba uead, for example, in 
tha pravantion of platalat activation , aggragation and aurfiea 
adhaaion, and alao in tha pravantion of thromboaia. 

Whan conditions auch aa, for example, trauma, aurgary or 
diseaaa disrupt tha vascular endothelial lining, thereby 

15 expoaing the aubendothelial connective tiasue to blood, the 
initial hamoatatio raaponaa ia platalat plug formation, alao 
known aa "primary hamoataaia." One of tha critical avanta in 
thia proceaa ia tha adhaaion of plataleta to the expoead 
aubendothelial tiaaua. vWF mediatea thia adhaaion by binding 

20 both to the GPIb receptor found on the surface of the platelet 
mambrana and alao to tha aubandothalial oollagan fibrila found 
in the vaaeular eubendothalium. Thia action by vWF anablaa 
platelet adhaaion to oocur under the oonditiona of high shear 
stress often found in damaged or diseased tissue, aa caused 

25 by, for example, high flow rate in small veasele. Thia ia of 
critical import anco in stopping blood loss from capillariaa, 
•mall artarlolea and vanulea. 

Thn importance of the interaction between vWF and CPIb ia 
suggaated by the bleeding diathasis of .B*r»ard-8oulier 
30 syndrome, a diaordor charaeterieed by decreassd quantitiea or 
abnormal function of CPIb and, eonaequently , markedly reduced 
platelet adhaaion due to the inability of vWF to hind with 
CPZb. 
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Inhibition of vWF-OPIb interaction would thus be expected 
to result in the prevention of primary hemostasia end the 
induction of an anti-thrombotic state useful in prevention of 
diseases in which occlusion of blood vessels plays an 
5 important role. The protaorytic fragments of CPIb and 

peptides and polvpeptides produced using the vectors of the 
present invention have the ability to sot as anti-thrombotio 
agents by their prevention of the binding of vWP to OPIL. 

By way of background, it is notod that GPZb is a two -chain 
10 molecule having an apparent molecular mass of approximately 
160 kDa. OPZb is composed of a heavy (alpha, or aPZba) chain, 
having a molecular mass of approximately 145 kDa, linked by 
disulfide bonds to a light (beta, or GPIb/J) chain, having a 
molecular mass of approximately 22 kDa. GPIb is an integral 
15 membrane protein and both the alpha- and beta- chains 

described above have transmembrane domains. Proteolysis by an 
endogenous calcium-dependent platelet protease generates a 
proteolytic fragment from the amino- terminal portion of OPIba, 
which is known as glycocalicin and which consists of nearly 
20 the entire OPIba chain, having an approximate molecular mass 
of 140 kDa. This fragment originates from the extracellular 
domain of GPIba and is water soluble. Tlius, it is released 
after cleavage from the parent molecule. 

A complete oDNA encoding human OPIba polypeptide has been 
25 determined by Lopei et al«, Proa, wati. load, aoi- usx, 84, 
5815-5617 (1987), a publication which not prior art. For 
convenience, the amino acid numbering system of Lopec et al#, 
above, is followed herein. Also, the gene for OPIba has been 
cloned from a genomic cosmid library utilising a partial cDNA 
30 clone as a probe, and its sequence, including introns, has 
been determined by Wenger, Blflshfinifittl and Blwhvls&l 
Research Communications. 156(1), 389-395 (1988). The 
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nuoleotide numbering eyatem of Manger, above, la followed 
herein. 

The predicted GPIbo eeguence eonaiata of a 16 amino aoid 
signal paptida, M*r H through Pro', followad by a 610 amino 

5 acid matur* paptida or polypaptida ragion, Hia 1 through L«u M0 . 
Aa ahown in Tabla I below, tha complata aaquanca of tha 45 kDa 
tryptic fragmant comprieea Hia' through Arg" 0 or Arg^. For tha 
purpoaaa of thia application, aa OPIba and glyoooalioin hava 
tha aama amino tarminua and ara naarly idantioal in aice, 

10 rafaranoaa to glyooalioin fragmanta and OPIba fragmanta harain 
ahould ba oonaidarad aquivalant. 

Trypain haa baan pravioualy ahown to eloava glyeooaliein 
batwaan raaiduaa Arg^/Ala™ and/or Arg^/Thr 1 " to ganarata two 
fragmanta, ona of which haa an apparant molao:tlar maaa of 45 

15 kDa and extend* from tha amino terminal raaidua Hia 1 to Arg" 0 
or Arg 1 "; tha other, with an apparant aolacular maaa of 84 kDa, 
ia vary rich in carbohydrata and rapraaanta tha oarboxyl 
torminal half of glyeooaliein beginning at Ala*" or Thr"*. Tha 
45 kDa fragment eonaiata of a aingla-chain apaciaa and a two- 

20 chain apaciaa. Tha lattar ia generated by an additional 

tryptio cleavage between reaiduea Lya" 7 and Ala 01 yielding two 
poiypeptidea of apparant moleeular maaa 35 kDa and 7 kDa, held 
together by one or more lnterehain diaulfida bonda. Tha 
relative proportiona of the one- and two-chain apaeiea darend 

25 on the extent of tryptic cleavage of glycocalicin. For 
example, after digestion for 18 ncra with an enzyme to 
aubatrata ratio of H200 (w/w) , tha two-chain apaeiea 
pradominataa. Tha two chaine of thia apaeiea ean be aaparatad 
by reduction of the diaulfida bonda and and-blooking of the 

30 reeulting aulfhydryl groupa, for example, by treatment with a 
molar axeeaa of dithiothreitol and by 8-carboxyimidomethyl- 
ation with iodoacetamida, reepectively. 
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™* ihvehtioh 

As Bet forth in aforementioned application Serial Mo. 
07/470,674, ther* are provided peptidae eomprieing any peptide 
of the 45 kDa amino terminal tryptio fragment of glycocalicin 
5 selected from tha amino acid aaquanca .hown balow in Tabla I: 

Iflblt I 

10 20 30 40 50 60 

HPICEV8KVA8HLEVHCDKRNLTALPPDLPKDTTILHL8ENLLYTF8LXTLMPVTRLTQL 

10 70 80 90 100 110 120 

NLDRCELTKI/3VDOTLPVLOTLDLSHNQWSLPLI/SQTLPALTVLDV8FNRLTSLPIXJAL 

130 140 150 160 170 180 

15 RGWEIXJELYXJTONEUCTlipGIATPTO^ 

190 200 210 220 230 240 



IrufOHPOT^AcEXLYFWiwlw^ 



20 



ENS LYT Z PK0 FF0 iKLLPPAFUf OMPWLCMCEX LY FWWWDNAENVYVWKQO 

25t 260 270 280 290 

I I |.l I 

SMVASVQCDMSDKFPVYKYPCKOCPTLGDE0DTDLYDYYPEEDTE0DKVRATR 



and %rhieh inhibit tha binding of von Willabrand faotor to 
platalat membrane glycoprotein- lb and/or OPIb axpraaaad on tha 
surface of any call of megakaryocyte linaaga. 

25 Tha invantion furthar comprieea any aaquantial aubaat of 
tha 45 kDt amino terminal tryptio fragment of glyoooalicin 
salaotad from tha foregoing amino aoid a^quanoa which inhibit! 
binding of vWF to OPIb and/or OPXb axpraaaad on tha aurfaea of 
any call of megakaryocyte linaaga. 

30 in addition, the invantion compriaee a paptida which 

inhibits binding of vWF to CPIb and/or CPIb expressed on the 
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surface of any nail of megakaryocyte lineage aalaetad from 
the group of paptidaa consisting of i 

DKRNLTXLPPDLPKDTT ; HLTALPPDLPKDTTI / PPDLPKDTTILHLflE f 
PO LLTPTPKLEXL8L; XQOVDVKAMTSHVAS J GDTDLYDY YFEEDTE ; 
3 EEDTEGDKVRATRTV; P p DLPKDTT/ and EEDTE. 

An additionally preferred paptida ia a peptide of any 
aaquantial aubaat of amino aoida of a paptida which inhibita 
binding of vWF to GPIb and/or GPIb axpraaaad on tha aurf aoa of 
any call of magakaryocytic linaaga. 

10 Tha invantion further compriaaa paptidaa having tha ganeral 
formula (XR) B , vharain n-2-10 or R,, vharain n-2-20 and any 
darivativaa thereof which inhibit binding of v«F to GPIb 
and/or GPZb axpraaaad on tha surface of any call of 
magakaryocytic linaaga* 

15 Tha invantion compriaaa alao a mathod for inhibiting 

activation of platalata, adhaaion of platalata to eurfaoaa, or 
aggragation of platalata to aaoh othar with an affaotiva 
amount of ona of tha aforamahtionad paptidaa or nubeete, or 
othar polymara aa daacribad therein. 

20 Anothar aapaot of tha invantion compriaaa a mathod for 
inhibiting thromboaia in a patiant which compriaaa 
adminiataring to aaid patiant an af factiva amount of ona of 
the aforementioned peptides or subsets, or other polymers as 
described therein.. *s 

25 Aa alao aat forth in tha aforementioned '674 parent 

application, a complete oDNA encoding human OPZba polypeptide 
haa been determined by Lopes et al. With each information, a 
nucleotide sequence can be inaerted into an appropriate vector 
for the expreaaion of paptidea from tha 45 kDa fragment. 

33 Accordingly, anothar aspect of the invention is the provision 



WO? I '09* 14 



PCT/UStl/00087 



-7- 

of a recombinant DNA expreaeion vector encoding a peptide or 
polypeptide which inhibit* binding of vwr to GPIb, aaid vector 
including a nucleotide sequence encoding the amino acid 
sequence from HIS 1 to LEU* 10 , inclusive, of tha amino tarminal 
3 ragion of GPXba, or any sequential aubsat tharaof. 
Particularly preferred ara thoaa vaotora including a 
nuolaotida aaquanoa which andcodaa a paptida including tha 
amino acid aaquanoa from HIS 1 to THR* 4 , indue iva, of OPXba. 

Still anothar aapact of tha invantion ralataa to a 
10 racombinant DNA axpraaaion vactor ancoding a paptida Which 
includae, and axtanda bayond, at tha carboxyl tarminal ragion, 
tha 45 kOa tryptic fragmant of glycocalioin, and which, upon 
axpraaaion in a auitabla tranaformad hoat call, producaa a 
paptida having tha biological activity of tha aforamantionad 
15 45 kDa fragmant. 

Tha invantion ralataa alao to a hoat call which haa baan 
tranaformad by any tha aforamantionad vactor a. Particularly 
prafarrad hoat calla includa mammalian hoat calla. 

Anothar aapact of tha invantion ralatca to a procaaa for 
20 producing paptidaa or polypaptidaa having tha biological 
activity of tha 43 kDa tryptic fragmant of glycocalicin 
comprising maintaining any of tha aforamantionad tranaformad 
host cells under conditions permitting the expression of the 
paptida. 

25 An additional aapact of cha invantion providaa a procaaa 
for axpraaaing tha full length CPIbo polypeptide (Hia'-Leu 610 ) 
or a subfragment thereof which involvea constructing a DNA 
sequence which encodea tha full length polypeptide, inaerting 
aaid DNA sequence into a auitabla plasmid or vector, 

30 traneformint' a hoat call with said modified plasmid or vector 
and maintaining tha tranaformad hoat call under conditions 
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which reeult in expreeaion within the boat cell of the full 
length polypeptide or a fragment thereof. 

mr>7 nFffc ,,TT>TTg>w oy TOE p**winqs 

Figure lin graph wMoh ahowa tha inhibitory affact of 
5 peptide eubfraomante of tha 45 kDa amino terminal region of 
OPXba on riatooat in-dependent and botreoetin-dependent vW 
binding to platolet OPlb reoeptora. 



Figure 2 la a pair of grapha whioh ahow tha inhibitory 
effect of the GPIba peptide fragment conaiating of reaidua 

10 positiona 271 to 285 on (A) bo trocat in-dependent and (B) 

ristocetin-dependent vWF binding to platelet GPIb receptore. 

Figure 3 ia a graph whioh ahowa the inhibitory affaote of 
tha OPlba peptide fragment eoneieting of reaidua poaitiona 251 
through 279 on bo trooet in-dependent and rietocatin-dependent 
15 vWF binding to platelet OPlb reoeptora. 

Figure 4 ia a dot blot profile deponatrating tha raaotivity 
of 0PXI* polypeptide*, produeod by pMWl and pMW2 tranaformad 
celle, to conformation dependent anti*GPIba monoclonal 
antibodiea. 

20 Figure 5 ia an immunoblot ahowing intracellular prooaeaing 
of the pMW2 polypeptide in hoat callj- 

Figure 6 ia a graph which ahowa that tha OPlbo antigen 
produced by pMW2 ia functionally active in a botrocatin- 
induced binding aaeay. 
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nrrnTTinr nrp rnTPTTQW oy ™ B ihvzntiqh 

por purpoaaa of thi» diaoloaura, aucaptad short-hand 
daaignatione of tha amino aoida hava baan uaad. Tha 
daaignatione ara ehown ir. Tabla II balow. 

Tnbli II 

Ona and thraa-lattcr Amino Acid abbraviatlona 

Alanina 
Cyataina 

Aapartlc Aoid 

l0 E tttlU Glutamic Aoid 

p PHE Phanylalanina 

Glycina 
Hiatidina 

laoloucina 

15 k L\S Lyaina 

Leucina 

Mathionina 
Aaparagina 
Prolina 
Olutamina 
Arginina 
Sarina 
Thraonina 
valina 

,« v) TRP Tryptophan 

— Tyroaina mi ^, ... 

Aap or Aan, not distinguished 
Olu or Oln, not dlatlnguiahad 
Undatarminad or atypical amino 
acid 

p w fintHlona 

Unlaaa indicatad otharviaa harain, tha following tarae hava 
tha indieatad-maanings. 

codon - A DMA aaquanca of thraa nuclaotidaa (a triplat) 
35 which ancodaa through mRNA an amino acid, a tranelation start 
signal or a tranalation tarmination signal, t^r axampla, tha 
OKA nuolaotida triplato TTA» TTO, CTT# CTC, CTA and CTO anooda 
tha amino acid laucina (LEU); TAG, TAA and TGA ara translation 



20 



A 


ALA 


C 


CYS 


D 


ASP 


E 


GLU 


F 


PHE 


G 


GLY 


H 


HIS 


I 


ILE 


K 


IAS 


L 


LEU 


M 


MET 


N 


ASN 


P 


PRO 


Q 


OLN 


R 


ARO 


8 


SER 


T 


THR 


V 


VAL 


W 


TRP 


Y 


TYR 


B 


ASX 


Z 


OLX 


X 


X 



30 
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■top signals | and AW lc a tranelation atart signal encoding 
methionine (MET) . 

Structural Oana - A DnA aaquanea which ancodea through ita 
corraaponding maaaeng^r TMA (mRNA) a aaquanea of amino acida 
5 oharaotariatir of a apacific polypaptida. Structural ganaa 
may alao hava UNA aa their primary product, for example, 
tranaf ar RNA (tRNA) or riboeomal RNA (rRNA) . 

Tranacription - Tha procaaa of producing RNA from a 
structural gana. 

10 Tranalation - Tha procaaa of producing a polypaptida from 
bRNA. 

Coding aaquanea (Bneoding DMA) - DMA aaquanoaa which, in 
tha appropriate reading frame, code for the amino acida of a 
protein. For the purpoae of the preaent invention, it ehould 

13 ba undaratood that tha ayntheaia or uaa of a coding aequence 
may necaeearily involve ayntheaia or uaa of tha corraaponding 
complementary atrand, aa shown byi B«-C00»00A'00A-3 • , which 
haa a complementary strand which is j«-0CC«CCT«CCT-5' , and 
which aneodaa tha tripaptida KH,-arg-gly-gly-CO,H. A 

20 diacuaaion of or claim to one atrand ia daemad to refer to or 
to olaim tha other strand and tha double atrandad counterpart 
thereof aa ia appropriate, uaaful or neceeeary in the practice 
of the art. 

cDNA - A DMA molecule or aequence which haa been 
25 anfymatically syntheeiEed from the aequence (a) preaent in an 
mRNA template. 

Tranacribed Strand - The DM* atrand whoae nucleotide 
aequence ia read 3« - 3« by RNA polymer aea to produce mRNA. 
Thia atrand la alao referred to aa tha ngncpfllnq strand. 
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Non-;r.n.crib.d Strand - Thi. strand i. th. antip.r.11.1 
compliment of th. tranacribad .wr.nd and has . base -qu.no. 
identical to th.t of th. tfN* produced from th. tranacribad 
.trand .xc.pt th.t thymine ba... ar. pr.a.nt (instead of 
5 uracil ba... of th. »RNA: . It 1. r.f .rr.d to a. "coding 

b.c.u.e, Ilk. mRHA, and when examined B« - 3«, the oodon. for 
tr.nal.tlon may b. dir.otly di.o.rn.d. Thi. atr.nd i. al.o 
rafarrad to .. th. ppdjng ■ trand. 

Expraaaion - Th. proc... undergone by a atructur.l gen. to 
10 produc. a product. In th. c... of a protain product, it 1. * 
combination of transcription and translation. 

Recombinant DNA Molecul. - A mol.cul. conaiating of 
segments of DNA from different ganome. which have been joined 
end-to-end and have, or can be modifiad to hava, the capacity 
IS. to infact eome hoat call and be maintained therein. 

Biological Activity - On. or mora functions, af facta of, 
activities performed or caused by a mol.cul. in a biological 
context (that ia, in an organism or in an l n .. V l trQ facsimile). 
A ch.r.ct.ri.tic biological activity of tha amino tarminal 
20 region of OPIba is th. ability to bind to vwr, an activity 
which may be demonstrated In Vitro, tov example, by the 
aggregation of platelets in the preaence of riatccetin. 

Reducing Conditiona - Rafera to tha preaance of a 
-reducing" agant in a aolution containxra vWF, or polypaptide. 

25 derived therefrom, which agent cauaes tha diaruption of 

diaulfide bond, of the vWF. However, con.i.tent with usage 
typical in the art, the reducing agent, auch aa, for example, 
dithiothreitol (DTT), cau,.s a vWF di.ulfid. bona to be brok« 
by farming, a diaulfide bond between a vWF cyatein. and th. DTT 

30 witHH.t changa in oxidation .tat. of th. involv.d aulfur 
atoms . 
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Phage or Bacteriophage- A baetarial virua, aahy ol which 
conaiet of DMA aaquancaa ancapaulatad in a protain envelope or 
coat (oapaid) . 

Proaoter - A DNA sequence upetreaa froa a gene whioh 
S proaotoe ita tranaoription. 

Plasaid - A nonchroBOSoaal double-stranded DNA sequence 
coaprising an intact raplicon auch that the plaaaid ia 
replicated in a hoat call. Whan tha plaaaid ia placed .within 
a procaryotic or eucaryotic hoat cell, the characteriatica of 
10 that call aay be changed (or tranaforaed) aa a raeult of the 
DNA of the plaaaid. Tor exaapla, a plaaaid oarrying tha gene 
for tetracycline raaiatanca (Tat") tranaforae a call previoualy 
aanaitive to tetracycline into one whioh ia reaistant to it. 
A cell tranaforaed by a plaaaid ia called a "transforaant." 

15 Cloning - The prooeaa of obtaining a population of 

nrg*nisas, or DMA sequences or other aaereaoleeulea derived 
f . oa one auch organiaa or sequence by aaexual reproduction or 
DN>. replication. 

Expression Plaaaid - A plaaaid into which has been inserted 
20 the DMA being cloned, such aa tha vWF structural gene. The 
DNA sequence inserted therein aay also contain sequences which 
control the tranalation of aRMA raeultant therefroa, and aay 
contain restriction endonucleaae aitaa which facilitate 
aaeaably of, and aay facilitate furv^r aodifioation of, the 
25 expreaaion plaaaid. An expreaaion plaaaid ia capable of 
directing, in a hoat cell, the expreaaion therein of the 
encoded polypeptide and usually contains a transcription 
promoter upatream froa the DNA sequence of the encoded 
atructural gene. An expreaaion plaaaid Bay or aay not become 
30 integrated into the host chroadswaal DNA. For the purpose o£ 
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thla invention, an lntagratad pi •■aid is nonathalaae rafarrad 
to aa an oxpraeaion plaanid. 

Viral Expraaaion Vactor - A viral axpraaalon vactor ia 
aimilar to an axpraaaion pit amid axoapt that tha DMA may ba 
5 paokagad into a viral partiola that oan tranafaot oalle % 
through a natural biologieal proeaaa. 

Dovnatraam - A nuolaotida of tha tranaoribad atrand of a 
atructural gana ia aaid to ba dovnitraam from anothar ragion 
of tha gana if tha nuolaotida ia normally road by RNA 
10 polymeraaa aftar tha othar ragion of tha gana. Tha 

complimantary nuolaotida of tha nontranaoribad atrand , or tha 
corraaponding baaa pair within tha doubla atrandad form of tha 
DNA, ara alao danominatad dovnatraam. 

Additionally, and making rafaranoa to tha diraotion of 
IB tranaeription and of tranelatlon within tha atructural gana, a 
roatriotlon andonuelaaaa aaquanaa addad upjtraam (or 5') to 
tha gana aaana it ia addad baforo thu aaquonoa anooding tha 
amino torminal and of tha protain, whila a modification 
eraatad dovnatraam (or 3') to tha atructural gana aaana that 
20 it ia bayond tha earboxy taminua-ancoding ragion tharaof. 

Olyooprotain Iba or CPIba - it ia undaratood that all 
rafaranoaa harain to Olyooprotain Iba rafar to human OPlba. 

Matura CPIbo - Rafara to a polypapti^a conaiating of tha 
amino acid aaquanca Hia 1 to Lau* 10 which ia typically found in 

25 platalata aa a tranamambrana protain. Additionally, whan 
axpraaaad in mammalian calla, matura OPlba ia uaually 
glycoaylatad. Cartain mutationa or polymorph iama hava baan 
daacribad with raapact to tha amino acid aaquanca aneodod by 
tha human glycoprotain Iba gana. A thraonina/mathionina 

30 polyaorphiem ia known at poaition 145 in tha matura CPIba 
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aequence. In addition, for example, a 13 amino aoid aaquanoe 
(Bar Olu Pro Ala Pro Bar Pro Thr r :nr Pro Olu Pro Thr) of tha 
carboxy terminal region of tha mature polypeptide ia repeated 
two-fold in approximately half tha human population. With 
3 raapaot to thoaa polymcrphiema which hava bean or nay yat ba 
diacovared, it ia axpectod that moat auoh anoodad polypeptide 
aaquancea would alao ba affective in tha practice of tha 
invention* 

•ignal Peptide ( Sequence) - A aignal paptida ia tha 
10 sequence of amino aeida in a nawly tranalatad polypeptide 
which aignala tranalooation of tha polypeptide aoroaa tha 
membrane of the endoplaamio reticulum and into tha aeoretory 
pathway of tha cell. A aignal paptida typically occura at tha 
beginning (amino terminua) of the protein and ia 20-40 amino 
IS acida long with a atretch of approximately 5-15 hydrophobic 
amino acida in ita canter. Typically tha signal aaquanoa ia 
proteolytically cleaved from tha protein during, or soon 
after, the proceaa of tranalooation into tha endoplaamio 
reticulum. That portion of a gana or cDNA ancoding a aignal 
20 paptida may alao ba referred to aa a signal aaquenoa. 

Tha tarma "peptide" and "polypeptide" ara uaad harain 

interchangeably . 

In tha couraa of work on tha praaant invention, pur if iad . 
glycocalicin was used in testa to evaluate the af factivanaaa 
25 of compounda in inhibiting the bitting of von Willebr%nd 
factor to intact platelets. 

Purified glycooalioin has bean produced by a two-atap 
prooadure baaed on 1) affinity chromatography using wheat germ 
agglutinin insolubilited onto Sepharoee* beads; and 2) 
30 subsequent immunoaf f inity chromatography uaing a monoclonal 
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antibody (LJ-P3) directed against glyoocalioin and 
insolubilised onto Sepharoae* boada. 

Outdated platalat concantrataa vara uaad aa atarting 
material for tha purification of glycocalicin. Plaama 
S components vara eliminated by eadimenting tha platalata at 
2,300 g for 23 minutee at room tanparatura (22-23*C) , removing 
tha supernatant, and resuspending tha platalat pellat in a 
buffer composed of 10 mM Tris base and 150 nM NaCl, adjuatad 
to pH 7.4 with HC1 (Trie-buffered raline; TBS), and containing 
10 2 mM EDTA. Thia procedure was repeated twice. After the 
first wash, tha suspension was oantrlfugad at 600 g for 1 
minute and tha pellat containing most of tha contaminating red 
calla was discarded before continuing with the washing 
procedure. After the laat cantrifugation, tha platelets wars 
IS raauapended In TBS containing 2 mM caCl, and 0.1 mM 
phenylmethylsulf onyl fluoride (PMSr) . They ware than 
disrupted by sonication (three pulses of IS seconds each at 
approximately 100 watta, with the platelet suspension kept on 
ice) . The suspension waa then left for three houra at room 
20 temperature and for 16-18 houra at 4»C, alwaye with continuous 
rtirring. Following this, tha particulate material in tho 
suspension was removed by centrifugation at 100,000 g for 20 
minutes at 12 *C. Tha dear supernatant waa applied to a 
column (2.6 cm in diameter and 11 cm high) of wheat germ 
25 agglutinin bound to fiapharoaaa beada activated with cyanogen 
bromide and equilibrated with TBS containing 1 mM EDTA, 0.1 mM 
PMSF, and 0.02% aodium aside. The column was washed with a 
volume of buffer correaponding to twice the volume of beada 
before eluting bound proteina with 100 mM N-aoetyl glucosamine 
90 added to the same buffer. The whole procedure was performed 
at room temperature. The e luted material was immediately 
applied to • monoclonal antibody oolumn (B on in diameter and 
2.S cm high) consisting/ of purlfiad IgO bound to Sepharoas* 




Tha monoclonal 
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antibody uead, designated LJ-P2, ia apaoifio for tha 
glycocalicin poirtlon of OPXb; it it preparation, 
characteriiation, and purification ara daacribad in Handa at 
al., j , ntol. Cham. . Ill, 12379-18583 (IMS). Tha column was 
3 equilibrated with a buffer composed of 100 nM Tria baaa, 500 
mM LiCl„ 1 «M EDTA, 0.1 mM PMSF, 0.02% aodlua aside, adjusted 
to pH 7.4 with HC1. Tha column waa waahod with a voluma of 
buffar corresponding to thraa timaa tha volume of 'che beads. 
Bound glycocalicin was alutad with 70-80 mt of 50 mM 

10 diathylamina containing 1 mM 2DTA and 0.1 mM PMSF. During 
this "tap, tha flow rata through tha column waa regulated to 
that alution waa cowplete in 20-28 ninutea. Tha whole 
proeadura waa performed at room tamparatura. Tha alutad 
glycocalicin waa collected in 6 g of glyeina to neutralite tha 

15 high pH of diathylamina. Tha purifiad material was dialycad 
exteneively against TBS, eoneantratad with Aquae ide*, and 
again dialycad with TBS. Purifiad glycocalicin waa stored in 
aliquota at -70»C. 

Purified glycocalicin waa digested with trypsin pratreatad 
20 with N-toayl-L-phenylalanina ohloromethylkatone. Tha aniyma 
aubstrata ratio waa H200 and tha reaction was allowed to 
proceed for 16-18 hours at 37 *C. At tha and of tha 
incubation, trypain aotivity waa inhibited with a two-fold 
molar oxceaa of (p-amidinophenyl)methanaeulfonyl fluoride. 
25 The 45 kDa fragment of glycocalicin generated by trypain 
digaation waa purifiad by gal permeation high performance 
liquid chromatography usinq one u? 450 and two GF 250 duPont 
Zorbax* columna (9.4 mm in diameter by 25 cm in length) 
mountad in aeriaa. Tha columna were equilibrated with 200 mM 
50 (HIMjHPO,, pH 7, and tha flow rata waa 1 at/minute. Tha 
procedure waa performed at room temperature. The 48 kDa 
fragment elutad aa •> sharp peak and waa than collected, 
ooneantrated with Aquaeide*,. dialyeed exteneively with TBS, 
and stored in aliquota at -">0»C until uaad. 
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The purified glycocalicin has been uead to demonstrate that 
this proteolytic fragment of GPIbe can inhibit tha binding of 
vWF to intact platalata. Tha a*say systsm ia bp sad on tha uaa 
of 135 I-labalad vWF and frash or fcrmalin-f ixed platalata; 

8 riatooatin was uaad to induce tha binding of vWT to OPlb. 
Aftar incubation for 30 ninutas at 37 *C, without stirring, 
separation of bound platelet from free vWF ligand was achieved 
by centrifugation through 20% sucrose in Tyrode buffer, 
followed by measurement of the bound radioactivity as 

.0 daacribed in Ruggeri et al., J. Clin. Invaat., 71, 1-13 

(1983). Nonspecific binding waa evaluated for seleoted points 
by measuring the binding in the preaenoe of a 40-fold excess 
of unlabeled vWF. Binding isotherms were evaluated by 
Soatchard-type analyaia to determine binding parameters 

15 (inoluding the eatimate of nonspeoifio binding) using the 
computer-aaaistad program "Ligand 9 * as described in Hunson, 
M«tho4« Engvmol.. 91, 842-576 (1983). 

Olyoooalicin at final ooncentrationa in exoass of lmg/m£ 
can block tha binding of '"X-labeled vWF to intact OPZb 
10 completely; the concentration neceaaary to inhibit 801 of tha 
binding (denoted aa tha IC K value) averaged 180 pg/nt for 
seven different glycocalicin preparations. 

Subsequently, all the intra-chain disulfide bonds present 
in glycocalicin ware reduced by treatment with a molar exceas 

25 of dithiothreitol and the resulting sulfhydryl groups blocked 
by S-carboxyimidomethylation, The resulting reduced and 
alkylated glycocalicin was found to retain the property of 
blocking vWF binding to intact OPZb on platelets in the 
presence of ristoostin. Since the reduced and alkylated 

30 glycocalicin had lost its secondary structure depenuent on 
intra-chain disulfide bonds , this experiment demonstrated that 
the function of interacting with vWF could be ascribsd to 
apaciflc regions within the primary struotura of glyoooalicin. 
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The 48 kDa tryptio fragnant of glyoooalioin vaa purifiad 
using high perfornanca liquid chromatography (anbraviatad 
HPLC) and gal parmaation column*; that aaparata protaina on the 
baaia of thair molecular naaa. Bacauaa of tha oonditiona uaad 
5 for tryptio digaation, tha 4 5 kDa fragnant oonaiatad 
aaaantially of tha two -chain apaoiaa. Thia purifiad 
protaolytic fragnant of glycocalloin vaa uaad to taat ito 
ability to block tha binding of vWF to tha OPZb of plateleta. 
Tha 43 kDa fragnant inhibitad conplataly tha ristocetin- 
10 nadiatad binding of vWF to platalata, i.e. to GPZb, with an 
ZCio of approximataly 3 .B pM. 

In a ainilar exparinant, glycocalicin vaa digaat id with 
trypsin, tha diaulf ida bonda vara raducad vith dithiothraitol 
and tha raaulting aulrhydryl groups S-carboxyinidonethylatad 

15 vith iodoacetanide. Tha 35 kDa anino tarninal fragnant v«a 
than purified by gal parmaation HPLC and taatad for ita 
inhibitory af fact on tha binding of vWF to tha OPIb of 
platalata in a riatocatin-nadiatad aaaay. Zta XCu vaa found 
to ba ainilar to that of tha parant unraducad 45 kDa fragnant. 

30 In aooordanoa vith tha raaulta obtainad vith vhola 

glycocalicin, thaaa raaulta confirm tha*. tha primary atruotura 
of tha anino tarninal ragion of glycocalicin oontaina oartain 
vWF binding donain(a) vhoaa function doaa not dapand on 
naintananoa of tha nativa thraa dimanaional conformation of 

25 tha nolaoula. 

Following these findings, overlapping peptides of 15 amino 
acid residues each and representing the sequence of the entire 
45 kDa anino tarninal fragnant of glyoooalioin vara 
eyntheaised. The following peptide a vara found to inhibit tha 
30 binding of WF to tha OPZb of plataleta vith IC M valuae of 0.5 
mM or bettar (aingla-latiir notation ia uaad for the 
identification of anino acid residues) j DKRNLTALPPD LPKDTT ; 
HLTAtPPDLPKDTTZ / FPDLPKDTTZLHL9E (these three peptides overlsp 
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aaoh other tnd cover the sequence between residues AfP 11 end 
OLU", inolusive, of glyoocalioin) | 1 JLLTPVPKLEKL8L (residues 
PRO 141 to LEU IM ) ; KQCVDVKAMTSNVAfl (residues LYS ni to BTR M ) / 
GDTDLYOYYPEEDTE; EEDTEGDKVFATRTV (these two peptide* cover the 
5 sequence between residue* GLY 371 end VAL 1 * 5 , inclueive) . The 
results, therefore, oleerly indioete the existence of multiple 
domains within the amino terminal region of glyoooalioin that 
have functional relevance for vwr binding. 

Shorter peptides with sequences corresponding to 

10 overlapping regions of the longer peptides exhibiting 
inhibitory activity were also synthesised. Two of these 
shorter peptides **re found to heve Inhibitory activity. 
Their sequences were PPDLPKDTT (residues PRO* to THR M of 
glycocalicin) and EEDTE (residues OLU* 1 to OLC nj ) . These two 

15 peptides, when tested individually, had IC W values greater 
than 0.5 tit. When they were combined together at a 
concentration of 0.5 mM, however, they completely inhibited 
vwr binding to OPZb. This experiment demonstratss that 
different noncontiguous domains within the primary sequence of 

20 glycooalioin may co-participate synergist ically in providing 
the vwr binding site(s) and, consequently, the vWP binding 
activity. The sequence of the 45 kDa amino terminal tryptio 
fragment of glycocalicin, therefore, as well as subsets of it 
(as shown above) contains information useful for designing 

25 molecules capable of inhibiting the binding of vWF to the GPIb 
of platelets. 

Peptides of the general formula (KR) B , where n-2-7, and the 
peptide R„ also inhibit the interection of vWF with OPIb. 
Peptides of the general formula R.R0DV or (KR) t R0DV were 
30 previously demonstrated to blook fibrinogen binding to 
GPXXb/XXIa (U.S. Patent No. 4,683,291, "Platelet Binding 
Inhibitors* 1 ). The latter peptides are now shown to be as 
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effective in blocking vWF-OPZb interaction ae thair <KP.) t 
analogs and tharafora represent a olaaa of bifunotional 
antiplatelet agents. 

Tha meohanisms raaponaibla for triggering the binding of 
5 vWF to GPZb in vivo have not yet been determined. Normally, 
vWF and GPIb coexist in circulation without any significant 
interaction occurring. Contact with exposed or damaged 
subendotheliun triggera binding and, possibly, vWP assumes an 
altered conformation (which iff capable of complex formation) 

10 when contacting a blood vaasel wall. See Sakariassan at al. f 
Nature , 279, 636-638 (1979); Stel et al., filafid, <&# 85-90 
(1985); and Turitto et al., Blflfldr 65, 823-831 (1985). 
Conformational ohangea neceaaary for binding may also be 
induced in OPZb by contact of the platelet with other blood 

15 components or exposure of the platelet to high sheer stress in 
a damaged vessel. Moake et al., filfifid, 71, 1366-1374 (1988). 

The interaction between WF and OPZb oan be demonatratad In 
vitro by several methods. Binding oan be demonatratad in tha 
praaenoe of ristocetin, a glyoopaptide antibiotic which may 

20 act by reduoing exoess nsgativa charge denaity between the 
macromoleoules. See Howard et al., Thromb. Dieth. Haamorrh. , 
26, 362-369 (1971); and Collar et al. # J. Clin. Inveet.. SO, 
302-312 (1977). The interaction may also be triggered by the 
presence of the protein botrocetin, a component of certain 

25 snake venoms. Read et al., Pr ?a. Nat'l, Aea4. Sci. USA, . 78, 
4514-4518 (1978). The interaction between vWF and OPZb can 
also be enhanced by removing terminal (negatively charged) 
sialic acid carbohydrate reaidues from the vWF molecule. De 
Marco et al., J. eiln. Inveat. . 68, 321-328 (1981). 

30 The in vivo rele/unce of the known standard in vitro 
binding assays, and binding inhibition assays, is not yet 
known. A detailed inveatigation of the mechanisms of in vitro 
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which havs incrsassd vWP binding inhibition aotivity. 
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bindlng say eventually identify the In vivo meohanisms or 
important features thereof. The binding of vWF to OPIb ae 
measured under the different experimental systeme may aleo 
involve different functional domains of the maoromoleoules or 
S conformational states thereof. Consequently, it ie reasoned 
that thoae psptides derived fitom OPIb that would be 
particularly useful as therapeutic inhibitors of vWF binding, 
in vivo , would b* those peptidss which demonstrate significant 
inhibition of vwr binding in more than one in vitro assay 
10 systsm. 

In addition, it is reasoned that ths domains of OPIba, and 
in particular the domaine of the 45 kDa amino terminal 
fragment thereof which are responsible for binding vWF, are 
not necessarily adjacent to one another along the linear ' l 
15 saquence of the amino terminal polypeptide, but that binding i 
to vWF is accomplished by peptide ssquences scattered \ 
throughout the 45 kDa polypeptide which are brought into j 
proximal positions when the amino terminal fragment assumes 1 
its native tertiary structure. ^ 

20 Additional developmental work which forms the basis of the i 
pressnt application was oonduoted in light of the above 



The present invention incliMss within its scope a synthetic j 
25 peptide or polypeptide assembled from multiple native sequence . ' .J 

fragments of the amino terminal portion of glycocalicin, which J 

fragments are not proximal in the primary structure and which ^ 

have e structure whose tertiary conformation displays binding -\ 

domains Which mimic the three dimensional binding domains of -| 

30 GPZb and which have a hig.i affinity for vWF. j 
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Zn addition, tha praaant invantion ancoapaaaaa tharapautio 
polyaara with multipla doaaina of anine acid aaquaneae frea 
CPIb which doaaina ara conhautad by a linkar which nay or nay 
not bo of paptida charactar. 

B Zn tha praotioa of tha praaant invantion, it ia prafarrad 
to uaa tha following poptidaa, idantifiad in Tabla XXX, balov, 
aa inhibitor* of tha intaraotion of vNF with i,' it • lata. 

raaidua poaitiona 

10 Blfi&iAt in BlYCQQlliflin_ 





(a) 


SDKFPVYKYPOKOCPTLODEODTDLYDYY 


291-279 




(b) 


NLDRCELTKLQVDGT 


61-7S 




(c) 


QVDGTLPVLGTLDL8 


71-8S 




(d) . 


TLOLCHNQLQSLPLL 


81-95 


IS 


(•) 


QTLPALTVLDVSFNR 


97-111 




if) 


XJCTXtPPOLXAPTPXL 


136-180 






HCIXLYFWWLQDIfA 


210-224 






QDHABfWVWKOOVD 


221-231 






XQOVDVXMfTINVAf 


231-241 


20 


k 


■MVAIVQCDNfOKFP 


241-2B5 






IDKFPVYKYPOKOCF 


2S1-36B 




(i) 


OKGCPTLQDEODTDL 


261-27B 




(a) 


ODTDLYDYYPEEDTE 


271-285 



Of tha aforaaantionad paptidaa, tha uaa of (a) or (a) ia 
25 particularly prafarrad and tha uaa of (a) ia aoat prafarrad. 

Thtaa paptidaa, aa vail aa othar polyaara within tha aeopa 
of tha praaant invantion! oan ba uaad individually or in 
ooabination with oni or aora othar pol^mara of tha praaant 
invantion (whathar or not oovalently attachad) in tha 
30 inhibition of platalat activation, aggravation, or adharanca 
to aurfacaa, or aa a potential tharapautio anti-throabotic, 

Tha praaant invantion includaa alao within ita acopa a 
paptida compriaing any aaquantial aubaat of tha aaino acid 
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oequence of a peptide of (a) to (a) above and which inhibit* 
oinding of vWF to CPIb and/or CPIb expteaeed on th* aurfaca of 
any call of aegakaryocytic lineage. 

Anothar aapaot of tha present invantion encoapaaeea a 
5 cyatalna diaer of a paptida or othar polyaar within tha aoopa 
of tha praaant invantion. Such diaara ara coapounda in which 
a cyataina raaidua of a paptida or polyaar ia covalantly 
link ad to a cyataina raaidua of anothar paptida or polyaar by 
way of a diaulfida bridga. A prafarrad oyataina diaar for uaa 
10 in tha praotioa of tha praaant invantion ia tha diaar of tha 
paptida SDKFPVYKYPOKOCPTLGDEODTDLYDYY • Zt haa baan obaarvad 
that undar tha in vitro conditions of vWF binding aaaaya uaad 
in tha praaant invantion, tha prafarrad diaar ia particularly 
affactiva at inhibiting vWF binding. 

13 Still anothar aapact of tha praaant invantion inoludaa a 
polyaar which inhibita binding of vWF to CPIb and/or GPIb 
expressed on tha aurfaca of any call of megakaryocyte lineage 
and which include* tha following domainal 

doaain A - a aariaa of aaino aoida which conatitutaa 
20 any of tha paptidaa of tha praaant invantion 

or of any aubaat of tha aaino acid aaquanoa 
of aaid paptidaa; 
doaain B - a aariaa of aaino aoida which conatitutaa 

any of tha paptidaa of tha present invention 
25 or of any aubaat of tha aaino acid aaquanca 

of aaid paptidea and ;*hich aay be tha aaaa 
or different froa that of doaain A; and 
doaain C - a linker which joina doaain A and doaain B. 

Tha linker which joina aegaenta of tha aforementioned 
30 polymer can comprise monomer ic or polymeric unite assembled 
froa unite auch as, for example, methylene, vinyl, amino acids 
and dextrana. A preferred polymer for uee in the practice of 



WC 91*9614 



PCT/US9I/%8«7 



-24- 

tha prasant invention is ona in which domain A comprises tha 
peptide of (a) above and domain B oompriees tha paptida of (a) 
above. Mora preferably, there is uaad a polymer in which 
domain A comprisee any subsat of tha amino acid sequence of 
5 tha paptida of (a) abova and domain B comprises any subaat of 
tha amino aoid sequence of tha paptida of (m) abova. 

It ahould ba undarstood that polymara of tha afcramantionad 
typaa can inoluda alao ona or mora additional domains which 
impart daairad functional propartiaa to tha polymar auch aa 
10 anhancad binding or solubility. 

In addition, tha prasant invantion includaa within ita 
acopa a aynthatic polymar which inhibits binding of vWP to 
GPZb and/or GPZb expressed on tha surfaca of any call of 
magakaryooytio linaaga and which oompriaaa ona or mura 
IB saquanoas of amino aoida of tha OPlbor chain, said aaquanoa (a) 
baing normally positionad at or naar tha surfaoa of tha OPZbo 
chain in ita natlva conformation and oapabla of intaraoting 
with vWP. 

Zt should ba undarstood that tha praaant invantion alao 
20 includaa within ita scopa darivativas of any of tha paptidas 
or othar polymara of tha prasant invantion. Such darivativas 
includa paptidas or othar polymara which hava baan modif iad by 
tha addition of additional polynar sequence or by tha addition 
of functional groups such aa, for ax amp la, acatyl, glycosyl or 
25 aatar moieties. 

To carry out tha aasaaamants of this invantion of tha 
utility of numerous ovar lapping GPIbot paptidas to inhibit 
binding of vWF to platalats, paptidaa based ~n tha amino acid 
saquanca of tha 45 JcDa amino terminal tryptic fragmant of 
30 glycocalicin wars synthesized as described by Houghton at al., 
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pr« fl . Mafcl. Acad. Bel. USX. Il f 3133 (1983). 8M also Vicente 
at al., J - llol. Chan, . 888(34), 11473 18479 (1998). 

In tha wall known proeadura for eolid-phaee synthaais of a 
peptide, tha daairad paptidt ia aeeembled etarting from an 
8 inaolubla aupport auch aa benihydryl anina or chloromathylated 
raain (darlvad from oroaa-llnkad poly atyr ana, and avallabla 
from chemioal eupply houaaa) . Tha amino aold at tha oarooxy- 
terminal and of tha daairad paptida, oarrying protecting 
groupa on tha o-amino nitrogan and on any othar reactive 

10 aitaa, la attached to tha raain from aolutlon uaing known 
peptid* ooupling tachniquaa. Tha protaotlng group on tha 
alpha-amino group ia removed (laavihg othar protacting groups, 
if any, intact) , and tha next amino acid of tha daairad 
aaquanca (carrying auitabla protacting groupa) ia attachad, 

15 and ao on. Whan tha daairad paptida ha a baan completely ins lit 
up, it la olaavad from tha raain support, all protacting 
groupa ara ramovad, and tha paptida ia recovered* Examplee of 
auitabla protaoting groups inoluda a-tart-butyloxyoarbonyl for 
tha a-amino-group; baniyl, 4-mathoxybonzyl, or 4-mathylbansyl 

20 for tha thiol group of cystaina, tha jf-carboxylio acid group 
of aspartic acid, tha 7-oarboxylio acid group of glutamic acid 
and tha hydroxy 1 groups of sarina, thraonina, and tyroaina; 
banzyloxycarbonyl or a 2-chloro- or 3,4-dimethoxy- darivativa 
tharaof for tha ring nltrogana of hiatidina and tryptophan and 

25 tha c -amino group of ly»lna; p-nitrophanyl for tha amida 

nitrogana of asparagina ;md glutamina; and nitro or toayl for 
tha guanadina group of prginine. 

Kith ragard to tha cloning aapacts of tha invantion, it ia 
anticipated that GPIbo, or fragmanta tharaof, could ba olonad 
30 by any of tha following atratagiaa. Zf tha cDNA sequence ia 
available, than oligonucxaotidea can be choaan for PCR 
amplification of messenger RNA. This presumes the 
availability of a call line expreaaing adequate levela of tha 
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mRNA. Zf the »*NA it thought to be rere, oubtraotion 
hybridisation ichnii can bo employed to amplify tho desired 
message boforo performing tho spool fie PCR amplification. Tho 
oligoo could also bo uood to amplify tho sequence dooirod from 
5 genomic DMA assuming thnt tho possiblo oxistanco of intron 
soquonooo oan oithor bo oasily determined or will not of foct 
subsoquont uso of tho done. 

If antibodioo diroctod against tho protein aro avai labia, 
than polysomoo containing tho r»RNA can bo procipitatod, tho 
10 mRNA purifiod and copiod into doubio stranded cDNA which can 
thon bo cloned. If a coll lino abundantly oxprosooo tho 
protoin, thtn .first a cDHA library could bo constructod using 
an oxprossion voctor and thon tho library scroonod by antibody 
binding to oxproosing clonas. 

15 Zf tho protoin soquonco is available, thon oligonuolootidos 
oan bo ohossn that oan bo usod to soroon oDNA or gononio 
librarios. A. mixed sot of oligonuolootidos will need to bo 
choson oinco tho oodon usago of amino soldo will not prooiooly 
bo known. 

20 Elements nocoosary for tho praotioo of tho proforrod 
ombodimonts of tho invontion are: (A) DNA soquoncos which 
oncodo tho rosiduo His'-Lou 110 or Ris'-Ala" domains of tho GPIba 
polypoptido; (B) an oxprossion plaomid or viral oxproooion 
vootor oapablo of directing in a eucaryotic coll tho 

25 oxprossion therein of tho aforementioned domains; and (C) a 
oucaryotic host coll in which oaid oxprossion may bo effected. 

Tho GPIba polypoptidos so oxprossod aro oxpoctod not to bo 
socrotod from host colls bocauso of tho lack of attachmont to 
tho nascont GPIba pcl/poptido of a signal peptide. 
30 Purification of proteins axproosod thoroin and tho oxtraction 
of pharmacologically uooful quantities thoroof is oxpoctod to 
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be nor* difficult than if the polypeptide could be eaueed to 
be eeereted into t»».e culture vadium ot' the hoat calls. It ia 
axpaotad that auch axpraaaien syetema ara nonathalaaa uaaful 
for diagnoatio aaaay purpoaaa auch aa testing tha propar 
5 funotion of vNF in a patiant. 

Accordingly, in tha prafarrad practica of tha invantion 
thara ia provided a GPZba encoding DNA aaquanca for incartion 
into a suit-ibis hoat call in which thara ia inaartad upatraan 
from tha raaidua 1-610 or 1-302 oncoding aequence thereof a 
10 DNA aaquanca anooding tha OPXba aignal paptida. Signal 
paptidaa eorraaponding to othar protain apaciaa nay prova 
equally effective to causa tha aacration of GPZba. von 
Heijne, 0., J. Mai, aloi.. 114, 99-105 (198S). 

Whan attached to tha amino terminal and of tha reaidu* 1- 
15 610 or 1-302 GPZb(a) polypeptide, the aignal paptida causes 
the polypeptide to be recognised by cellular atructurea aa a 
polypeptide of tha kind to bo procoaaad for ultimate aacration 
from the call, with concomitant olaavaga of tha signal 
polypeptide from the mature OPXba polypeptide. 

20 A wide variety of expression plaamlda or viral axpraaaion 
vactora ara auitabla for the expreaaion of the GPZba 
polypeptidea or tha amino terminal ragiona thereof. One 
factor of importance in the aaleetion of an expreaaion system 

ia the provision of a high efficiency transcription promoter 
25 directly adjacent to the cloned GPZba Insert. 

Another factor of importance in the aaleetion of an 
expreaaion plaemid or viral expreaaion vector ia tha provision 
of an antibiotio raaiataneo gena marker therein jo that 
contlnuoua aaleetion for atabla tranaformant aucaryotie hoat 
30 calla can ba applied. 
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Plaeaida auitabla in the practice of the invention ina.\va« 
pCDMI, pCDMI'", peWAl, peWkl m , pMT* and Ro/CMV. Plaamids 
whoaa use in the praotioa of the invention ia preferred 
inoluda pCOMS*-, poDMAl*", pKMC* and Kc/CMV. A DNA aaquanoa 
S an coding tha OPIba polypeptide, or a fregment thereof, may 
alao ba inaartad into a plaeaid or vactor auitabla for cauaing 
expression of tha polypaptida in a bactarial ayatam. 

There ara aavaral viral axpraaaion vaetor ayatama auitabla 

for tha praotioa of tha invention inoluding thoaa baaad upon 
ro ratroviruaaa and thoaa baaad upon baeulovirua AutoaraPha 
"Hf omloa nuclear polyhadroaia virua. 

ftopreaentativa boat oalla eonpriaing permanent oall linoa 
auitabla for tha praotioa of tha invantion inoluda CH0-X1 
Chinaaa hi»meter ovary oalla, ATCC-CCL.«1| COB-1 oalla, iV-40 

13 tranaformed African Oraan monkey kidney, ATCC-CRL 1630; ATT 20 
murine pituitary calla; RIN-5F rat pancraatio $ calla; 
oulturad inaaot oalla, apadapte r» fmaiwdn or yaaat 
(f aroomyooa) . Exanplaa t and 10 contain a datailad 
axplanatien of profarrad prooaduraa uaad to axpraaa tha OPIbo 

20 polypaptida or tha amino tarninal detain tharaof. 

Therapeutic eawpoaltlona 

Ona or mora of tha polypoptidaa of tha praaant invantion 
can ba formulated into pharnaooutioal praparationa for 
therapeutic, diagnostic, or othar ueea. For example, to 

25 prepare them for intravenoua administration, the compositions 
ara diaablved in water containing physiologically compatible 
avfoetanooa auch ao sodium ohlorido (e.g. at 0.03-2.0 M) , 
glycine, and tha like and having a buffered pH oompatibla with 
phyaiological oonditiona, which water and physiologically 

30 oompatibla eubatancai. aompriee a pharmacautioally acceptable 
oarrier. 
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With respect to the 45 kDa polypeptide of the invention, 
rha amount to administer for the prevention or inhibition of 
thrombosis will depend on the severity with which the patient 
ie eubjeot to thrombosis, but ean be detemined readily for 
J any partioular patient. 

j 

Antlbadlaa 

Antibodies, and particularly conformation dependent 
antibodies, are powerful tools for ana ly ring the structure and 
function of aacromolecules. By blocking macroaolecular 

10 interaction, antibodies can also have important therapeutic 
utility. Accordingly, this invention includes within its 
scope an antibody which is specific for the GPlb(o) 
polypeptide, or any polypeptide containing one or aore 
sequential subsets thereof, said antibody being aada by a 

IS process which involves iaaunising aniaals with a polypeptide 
of the invention, and isolating the antibodies generated 
thereby. Numerous protoools are known in the art which are 
suitable for iaaunising eniaals with the polypeptides of this 
invention. 

20 BOMELES 

The following exaaples illustrate the biological activity 
of the peptides and polypeptides of the present invention and 
exemplary oloning methods useful in practicing the invention. 

Examplt 1 

25 Inhibition of Ristocatin-Induced Bindii^ of vWF to Platelets 
To test the inhibitory activity of the peptides of the 
present invention, formalin-fixed platelets were ussd at a 
final concentration of 1 x 10"/t< Assayed peptides were then 
added at various concentrations. One third final volume of 

30 vWF-doficient plasma was then added followed by t3S X-vWF et a 
final concentration of S pg/aC. Ristocetin was then added at 
a concentration of 1.0 mg/mC. After inoubatlon for 30 minutes 
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at roon taaparatura, bound and fraa vWT ligand vara aaparatad 
by cantrifv^ting 50 fit of tha ■ixtut* through 300 fit of 20% 
auoroaa at 12,000 g for 4 aimitoa. Tha plavalat pallat was 
than aaparatad f roa tha rtit of tha aixtura to d.t.raina 
5 platalat-bound radloaotivity. Nonapoaifle binding dafinad 
aa tha raaidual binding of '"X-vWF in tha praaanea of a B0-f^ld 
oxoaaa of unlabalad vWT but in tha abaanoa of any paptidaa. 

Paroant inhibition with a givan paptida vaa oaloulatad by 
dividing tha apaoifie opa in th« abaanea of paptida. Tha IC K 
10 valuaa (eonoantration of paptida which inhibited binding by 
50%) for tha paptidaa taatad ara ahown in Tabla IV, balov. 



UbJjLJLV. 

(KR), 9 and IS pM (two axporiaanta) 

(KR), 13 pM 

IS (KR), 120 fM 

(KR), 200 M« 

(KR) 4 0DV 16 

(R),QDV 6 MM 

YRGDV ..■>■ 600, mM (nc inhibition ooan) 

20 Complata inhibition vaa not saan with any of tha paptidaa 
at tha cbrieantrationa taatad. 

txarnpli a 

Tnhihl*l« w flf Aaiala-vwy Eluding ta Fraah Platalata 

Fraah platalata vara praparad by drawing blood into a 

25 aolution of 11 mM triaodium oitrata and 2 mM EDTA. Platalat- 
rich plaama vaa than praparad by diffarantial cantrifugation. 
. Tha platalat oount vaa than adjuatad tw 1 x 10"/'* • Paptidaa 
vara than addad to varioua oonoantrationa and m Z-aalalo-vWF 
vaa than addad at a final eonoantration of 5 pg/ml. Aftar 

30 incubation for 30 minutaa at roon taaparatura, bound and fraa 
vWF ligand vara aaparatad by cantrifuging SO \il of tha mixtura 
through 300 fit of 20% auoroaa at 12,000 g for 4 ninutaa. Tha 
platalat pallat vaa than aaparatad from tha raat of tha 
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aixtura to ietarnina platalat-bound radioactivity. Non- 
specific binding was dafinad aa tha raaidual binding of 
aeialo-vwr in tha praaanca of a SO-fold axoaaa of unlabeled 
vwr but in tha abaenoo of any peptides, 

5 Parcant inhibition with a givan paptida waa calculatad by 
dividing tha epecific cpn obtainad whan varioua oonoantrationa 
of paptida wara addad by tha apaoifio opn in tha abaano* of 
paptida. Tha ZC M valuaa (ooncantration of paptida which 
inhibita binding by 30%) for tha paptidaa taatad ara ahown in 
10 Tabla V, balow. 

Tftbli V 

(KR) 7 l.B i>H 

(KR)j 1.7 liH 

(KR), 23 fiM 

IS (KR^ODV If lM 

(R),0DV 3.5 flH 

(R)„ 'i fiH 

Complete inhibition waa seen at tha following 
concentration, ahown in Tabla VX, balow. 

20 Tttbll YI 

(KR); 12 and 15 pM 

(KR), I tnd 7 pM 

(KR) 10 and 120 pM 

(KR) 4 0DV 44 jiM 

28 (R),0DV 24 

gvampla 3 

Tnh4hi»lon of R l itoctt ln-Tnduo*d PI ■flat. Aaoraaatlon 

Tha inhibitory activity of tha' paptidaa of tha praaant 
invantion waa avaluatad uaing waahad platalata. Tha 
30 platalata, praparad aa described in Trapani-Lonbardo at al., 
J. clln. Invest. . 76, 195W-195B (1985), ware adjuated to a 
final concantration of 3 x 10". Paptidaa, at varying 
concantrationa, and purifiad WF, at a final concantration of 
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0.8 pg/Bt, vara incubated with tha platalata for 5 ainutao at 
37 *C. Riatocatin vaa than addad at a final concantration of 
1.0 mg/nt. Raaction mixturaa vara praparad in ailiconiaad 
glaaa cuvattaa and than plaoad in a Luai aggragonatar (Chrono- 
5 Log Corp.) at 37 9 C with oonatant atirring of tha platalat 
auapanaion at 1200 rpm. Aggragation vaa quantitatad by 
monitoring tha inoraaaa in light trananittanca through tha 
atirrad platnlat auapanaion. 

Tha ZC M valuaa (tha concantration which inhibitad 
10 aggragation by 301, aa judgad by tha paroant daoraaaa in tha 
initial alopa of tha aggragation ourva) of tha paptidaa ara 
ahovn in Tabla VIZ, balov. 

Tibia VII 

<KR) 7 3 MM 

IS (K*)| B0 fiH 

(KR) j 2B0 fiH 

At a concantration of 100 pM tha following paptidaa 
inhibitad aggragation to tha axtant ahovn in Tabla VIZI, 
balov. 

20 Tabla VIII 

(KR), 82% inhibition 

(KR), sol inhibition 

(KR), no eianif leant inhibition 

(R)iODV 70% inhibition 

25 gxampli * 

Inhibition ot Aililp-vffr-Xnfluflifl Aggravation 

Tha inhibitory activity of tha paptidaa of tha praaant 
invention waa datarminad uaing platalat-rich plaana praparad 
by diffarantial rantrif ugation of blood drawn into 11 nN 

30 triaodiua citrata anticoagulant. Tha platalat count vaa 

adjuatad to 3 x 10 n /t« Tha paptidaa, at a concantration of US 
HH, vara inoubatad vith platalat rioh plaama for 5 mlnutaa ft 
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27 # C. Aeialo-vWF was then added at a final concentration of 
v 13 fiq/mt. Reaction mixtures were prepared in ailiconired 

glaaa cuvettea and then placed in a :.uui aggregomoter (Chrono- 

Log Corn.) »t 37 # C with oonatant stirring of the platelet 
S euapenaion at 1300 rpa. Aggregation waa quantitated by 

monitoring inoroaae in light tranemittance through the atirred 

platelet euapenaion. 

Inhibition of aggregation by the peptidea ia ahown in Table 
IX, below. 



io Table IX 

(KR) T 100% inhibition 

<KR), 88% inhibition 

<KR)> no aignifioant inhibition 

(R),oov 92% inhibition 



is Exempli 8 



Tdantlfleafelon of QPTba Receptor flitaa 

It haa been previoualy demonetrated that the amino terminal 
extracytoplaamic region of the GPIba chain, extending between 
residues 1 and 293 , contains a domain or domains which 
20 interact with vWF in the absence of any other component of the 
GBlb complex , or any other platelet membrane component, 
Vioente et al. 

The atudiec of the preaent application were deaigned to 
identify the receptor aitea of thia interaction. The entire 
25 amino acid aequence of thia 45 kDa binding fragment was 
reproduced aa a aariea of 27 overlapping synthetic peptidea 
which were uaed in vWF binding inhibition aaaaya. 

Percent inhibition of binding of vWF to platel*ta was 
meaaured uaing 1 113 labeling vWF prepared according to the 
30 methods of Ruggeri et al. See also DeMarco et al., J. eiln. 
XjUEiitiuLi «•> 321-328 (1981). Binding of vWF to platelets 
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inducd by ri.too.tin .nd/or botroc.tin (and inhibition 
th.r.of) va. ». R .ur.d according to uh. m.thod of HacFarlan. .t 

.i., itLrnnn. rutr. "-™~h.. .4, 306-30. <i97 S > which 

utilii.a w.ah.d put. l.t. fix.d with for.ald.hyd.. Th. top 

B part of Figur. 1 -how. th. aalno acid ..qu.no. of th. amino 
t.r»in.l r.gion of OPIba in on.-l.tt.r notation. T, indicate 
th. .it. of tryptio cl.avag. that giv.. origin to th. 45 kDa 
domain. Num.ial. abov. th. ..qu.nc. lin. indicat. th. fir.t 
r..idu. in a .ynth.tie p.ptid. ..qu.nc, and th. .am. numb.r 

10 b.low th. ..qu.nc. lin. indicate, th. la.t r..idu. in that 
P .ptid.. Th. h.avy bar und.rlin.. th. ..qu.nc. of th. long.r 
P .ptid. (29 r..idu..) u«d in .ub..qu.nt .tudi... Th. low.r 
part of th. figur. di.play* in a bar graph th. inhibitory 
•ff.ot of all th. p.ptid.. t..t.d on ri.toc.tin-d.p.ndont 

15 (black bar.) and botroc.tin-d.p.nd.nt (hatch.d bar.) vWF 
binding to OPXb-IX. Each p.ptid., u..d at a final 
eono.ntr.tion of 500 ^olft with a »»X-vWP concentration of 2 
Mmt, i. id.ntifi.d by th. num.ral u..d in th. top part 
of th. figur.. Hot. that ri.too.tln-d.p.nd.nt binding wa. 

20 inhibit.* by fiv. group, of p.ptid.. (aainly tho.. id.ntifi.d 
by numb.r. 3-4, 7-9, 14, 21, and 23-25), whil. botroc.tin- 
d.p.nd.nt binding wa. .ignif icantly Jnhibifd only by p.ptid.. 
7-10 and 19-25. P.ptid. 25 .how. th. net pronia. at an 
inhibitor ba..d on both aa.ay ■yatma. 

25 fxnmplt fi 

R.f.r.nc. to Figur. 1, di.cu.B.d <n th. pr.viou. .xanpl., 
indict., that p.ptid. 25, r.pr...nting th. ..qu.nc OLY™ to 
GLU™ of glyoocaliein, .how. .xcll.nt proni.. a. an inhibitor 
30 of vWF binding. 

Furth.r .xp.rin.nt. w.r. p.rfor«.d with . con.t.nt '"1-vWF 
concntration of 2*q/*l and varying p.ptid. concentration, aa 
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indicated on the Figure 2 abscissa. Tha top paral ahova tha 
mean and range of thraa deterainationa ef raaidual vWF binding 
in tha praaanca of botrocatin; tha lower pana\ # mc%n and ranga 
of fiva determinations in tha praaanoa of ristocetin. 
B Raaidual binding waa calculated aftar subtracting from aach 
experimental point tha *alua measured in tha praaanca of a 
aaturating amount of tha anti-GPZb monoclonal antibody LJ-Zbl. 
Ona hundrad parcant binding waa that maaaurad in tha praaonca 
of Hapaa buffar inataad of paptida. 

io Exanpl* 7 

Afitivltv Assay of tha SETt M< to TVR*" Fragment 

Rnfaranca to Figura 1 (corraaponding to example 5) 
damonatrataa that paptida a 23 through 25 hava improved binding 
ralativa to aynthatio paptida 26. Sinca tha amino acid 

15 aaquanoa of paptiaaa 26 and 25 ovarlap, it waa poatulatad that 
oonatruoting a paptida which onittad tha terminal portion of 
paptida 26 would yield a paptida ahowing aignifioant 
inhibitory activity. Accordingly a aynthatic paptida 
conatituting tha glycocalioin aaquanca 8ER" 1 through TYR m waa 

20 constructed and tested. 

Binding inhibition axparimanta wara conductad analogoua to 
thoaa in Example 6 using an I m -vWF conoantration of 2 pg/mt. 
Tha mean and ranga of two saparata binding inhibition 
experiments ara indicatad in Figura 3. 

25 Comparison of tha various paptidas motioned in the above 
examplea shows that tha most active of tha original 26 
aynthatic paptidaa ia number 25 which inhibits 50% of 
ristocat in-induced binding of vWF at a concentration of 420 
pM, and 50% of botrocatin- induced binding at 530 jtti. In 

30 contrast, the peptide of this example, representing residues 
231-279, inhibits 50% of ristocetin induced binding at a 
conoantration of 170 pM« 
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Th« basis for designing synthetic polypeptide inhibitor 
molecule* which have a high probability to bind vWF (becauee 
the selected domains occur on the surface of the native UPIba 
chain) , and whioh use inert linker sequences to oonneot 
5 speeifio glyoooalioin domains! is demonstrated by the nethod 
of rmini et al. # iT Virology. If, 836-839 (1985). Thes* 
surface probability index calculations show that 13 of the 15 
amino acids in peptide 25, and 12 positions in the peptide cf 
this example, have a surface probability index greater than 
10 four. 

It is further postulated that since the peptide of this 
example contains a cysteine capable of dimerisation, and 
dimers are indeed the prevalent form under the temperature, 
pH, and tine conditions of vWF binding assays, as shown by 
15 reverse phase HPLC, that such dimeriaation confers upon the 
peptide structural alterations which enhance its binding to 
vWF when compared to non-dimeriaed peptides. 

Example B 

no«l ? n of comp lex Synthetic Polymers 
20 Reference to Figure 1 and Example 5 demonstrates that 
peptide 8 and peptide 25 represent effeotive domains from 
which to dssign complex synthetio polymers containing vWF 
binding regions and inert spacer or linker sequences so that 
multimeric vWF complexes can be maximally inhibited. 

25 Example 9 

P PTh» fHie«-L«u" 0 v Expreasion in stable Mammalian Trnnif ormanti 

Step 1. construction of a DNA seouence for 

fvp^^flftion of the mature Hla'-Leu 6 * polypeptide 

Based on the published GPIbcr cDNA sequence of Lopez et al. f 
*0 two f linking oligonucleotides were synthesized for the 

amplification in a polymerase chain reaotion of a region of 



WO 91/09*14 



PCT/UBt1/MN7 



-37- 

tha CPIba gene which it was believed would be auitabla a* a 
prob« to screen a hunan genomic lambda (,\) phaga library. 

Accordingly, human genoalo DNA was aubjactad to entymatio 
amplification in a polymaraaa ohain raaction aocording to tha 

S mathod of Saiki at al., aflUuafll, 139, 487-491 (1981). Tha 
procadura utilizes a doubla atrandad CPIba DMA sequence, a 
subsagmant of which ia to ba amplified, and two single 
atrandad oligonuclaotida primars which flank tha anda of tha 
subaegment. Tha primar oligonucleotides (in tha prasenca of a 

0 DNA polymaraaa and daoxy ribonucleotide triphosphates) were 
added in much higher concentrations than tha DNA to ba 
amplified. The vast najority of polynucleotides which 
accumulate after numerous rounds of denaturation, 
oligonucleotide annealing, and synthesis represent the desired 

5 double stranded cDNA subsegment suitable for further 
propagation by cloning. 

PCR reactions ware performed with a DMA thermal cycler 
(Perkin Elmer Co., Norwalk, CT/Cetus Corporation, Berkeley, 
CA) using Taq polymerase ( Tharmua aaua ticus) . The reactions 

0 were run in 100 pi volumes containing l.o ug of human genomic 
DNA, 1.0 M9 of each synthetic oligonuclaotida primar, and 
buffer oonaisting of BO mM XC1, 10 mM Tris-HCl (pH 8.3), 1.5 
mM MgCl), 0.11 gelatin (HioXad Co., Richmond, CA) and 300 mM of 
each dNTP. PCR conditions were 33 cyeles of 30 saeonds at 

:5 94 *C, 30 seconds at 52 «C and l minute at 72*C. Amplified 
fragments ware then purified and isolateu by electrophoresis 
through a 2% agarose gel, Maniatis at al., HoltCUlar Cloning. 
A Laboratory Manual. 164-170, Cold Spring Hnrbor Lab., Cold 
spring Harbor, NY (1982). 

10 Specifically, the following oligonucleotides were 
synthesized by the phosphoramidite method, Sinha at al., 
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T.*-»h«n» Q n uttin, 14, 5143 (1913) using a nodal 3I0B 
automated system, Appliad Biosystea.*, Foatar City, CA. 

Tha oligonucleotides aalactad varat 
Oligonucleotide (A) 

S 644 *'* 

4 * 

5» - 0 AAT CTG ACA GCO CTG CCT CCA GAC CTG CCO - 3« 
Asn Pro 
21 30 

10 and 

Oligonuolaotida (B) 

3 1 - CC GAC GGA GAA CCA CGG GAC - 5' 
t t 
92S 944 

15 5 1 - eg ctg cct ctt ggt gec ctg - 3 1 

Lau Lau 

115 120 

Oligonuolaotida (A) ia aquivalant to non-tranacribad atrand 
DNA (coding atrand) for nuolaotidaa 644-674 (uaing tha 
20 numbering ayatam of Kangar at al. for tha GFXba genu) . 

Oligonuolaotida (B) ia ahovn 3 1 - 5' and ia aquivalant to 
tha tranacribad atrand (noncoding DNA) . Tha corresponding 
coding atrand ia ahovn 5* - 3' in lovar caaa letters. 
Nucleotide positions ara according to Wenger at al. 

25 T 4 kinase was used to add phosphai.* groups to each end of 
the amplified fragment. T 4 ligaaa vaa used to blunt and ligata 
tha fragment into-the Sraal aita within tha multiple cloning 
aaquenoe of the double atrandad replioative form of M13mpl8 
bacteriophage. The ability to iaolate a atabla aingla 

30 stranded (+) form of the virus is particularly useful to 
verify the integrity of any cloned sequences therein. See 
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Mneaing, J, gngvwoloQV. 101, 20-78 (1083), ond Yaninh- 

P«rron at al., fisni, J», 103-109 (1985). Accordingly, the 
GPIba DMA ineert wee completely aaquencad uaing aingle 
etranded dldaoxy methodology (tfcnger at al., PrpGi Nfltli ACttfli 
5 flflii-UflA, 1*, 5463-3467 (1977) utiliting tha aingla atrandad 
(+) fom of M13mpl8. Sequencing in NISnplI aattbliahad that 
tha CPlba lnaart waa 301 baaa paira in langth, indicating that 
tha corraaponding cDNA ragion, Lopat at al., did not involve 
an intrcn boundary. Tha 301 baaa pair (bp) fragment waa than 
10 aubjactad to nick tranalation for incorporation of M P-laballed 
nuclaotidaa, thuc convarting tha fragmant into a radiolabeled 
proba, Rigby at al., a. Mnl. Biol.. 113, 237 (1977). 

A human ganomio X phaga library (uaing Lambda Fix™, 
Btrataqane, La Jolla, CA) waa praparad uaing an EcoRI partial 

15 digaat of human call DNA. Tha library waa aoraanad following 
tha hybriditation and plaqua purification procedure of Banton 
at al., flfllinai, 196, 180-J82 (1977) uaing E. BQll atrain LE 
392 aa hoat. Scraaning with tha 301 bp fragmant raaultad in 
tha iaolation of 6 poaitiva olonaa aftar 4 cyclaa of plaqua 

20 purification. 

In ordar to conduct tha library acraaning for aach poaitiva 
olona, an appropriate dilution of X phaga waa inoubatad with 
baotaria at 37 *c for 20 minutae with conatant ehaking. Maltad 
agaroaa waa addad to thla mixture and tha antira contanta 

25 apraad onto a patri diah with a hard agar baaa. Tha plataa 
wara inoubatad ovarnight at 37 «C. An in.?rint of tha 
bacteriophage plaquaa thua obtained waa oroUucad by gently 
placing a nitrocellulose filter onto tha surface of tha plate. 
Phaga particlea and DNA wara tranafarrad to tha filter by 

30 capillary action in an exact replica of tha pattatr of 
plaquea. After denaturation with NaOH, tha DNA waa 
irreveraibly bound to the filter by, baking and waa then 
hybridized to the "p-labelled probe. Unbound probe waa washed 
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away and the filters were exposed to film. Plaques which war* 
positive for hybridisation vara idem if led by aligning tha 
film with tha original agar plate. TMse plrquee vara 
individually picked and amplified. In general the initial 
5 plating deneity of phage was euch that individual plaquaa 
could not be picked but instead an area comprising several 
different phage speoiee was pioked. This mixture was 
amplified and replated at low density to be reseroened to 
determino which initial positives were true positives and to 
10 "plaque" purify each positive. After 3 rounds of such 
resoraening individual positively hybridiiing phage were 
isolated for further characterisation. 

Purified X DNA wae then isolated from each positive X clone 
by precipitating phage from respective lysad Ei COli LE 392 
15 samploa following the procedure of Maniatis at al., at /6-85. 

One ^g samples of DNA from each of the six positive X 
clones were then digested with EcoRI. The EcoRI digests were 
thin separated according to molecular weight by electro- 
phoresis in agarose, followed by transfer to nitrocellulose 
20 for detection by autoradiography usina the M P-labelled 301 bp 
fragment. Southern, J. Mol. Biol.. M, 503 (1975). An 
approximate 6000 base pair EcoRI fragment was recognized. 

The approximate 6000 base pair fragment visualized and 
axtraoted from en agarose gel was then oloned into pBluesoript 

25 KS- plasmid (Stratagone Co., La Jollk, CA) at its EcoRI site. 
The plasmid was then propagated in coil strain XL-l Blue 
(Stratagane Co.). Plasmids ware recovered from host E. coll 
by an alkaline call lysis procedure, Birnboim and Doly, 
Nuclalc Acid . R«aaarch. 7, 1513 (1979) followed by 

30 purification by CsCl/ethidium bromide equilibrium 

centrifugation according to Maniatis et al., at 1.42. 
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Plasmid so isolated was than digested with BamHI and Bglll 
creating a 2161 base pnir fragment (nu leotides 503 to 2663 
uaing the numbering syata* of Wengar ct al.) which fragment 
extenda from upatraan abova tha initiating MET 1 eodon 
5 (nuclaotidaa 537-539) to dovnetraam bo low tha LEU 410 codon 
(nuclaotidaa 2412-2414) and tha TGA tranalation atop codon 
(2415-2417). Tha BamHI aita of tha fragmant corruaponda to 
nuclaotidaa 502-507 and tha Bglll aita tharaof nuclaotidaa 
2658-2664. 

10 Tha 2161 bp fragmant waa than clonad into tha BanHI aita of 
pBluascript KS- (Stratagana Co., La Jolla, CA) aa a BamHI- 
BglXX fragmant. Since BamHI and BglZZ raatriction aitaa 
oontain identical internal aaquancaa OATC/CTAO, a Bglll 
raatrietad aita may ba annealed into a BamHI aita. Tha 

15 fragments ware ligatad with T 4 DNA ligaae, however the 
integrity of the affected Bglll end waa not reatored. 
Hybridisation with the 301 baaa pair probe and sizing on 
agaroaa were repeated. The plasmida ware propagated in 
ffoli XL-1 Blue. 

20 Raatriction mapping waa than performed to aelect a clone of 
e. eoli XL-1 Blue (Stratagana) in which the GPXba DNA within a 
oontainad pBluaaoript XS- plaamld possessed an inaert 
orientation auch that the XhoZ aita of tha polylinker would be 
upstream (5') from tha inaart and tha NotI aita would ba 

25 downstream (3») therefrom. The XhoI-NotI fragment waa uaed aa 
followa to create a auitabla expresaioi; plaemid. 

Step 2. Construction of plasmids 
for integration into mammalian cells 

A selection procedure based on aminoglycoside antibiotic 
30 resistance waa daaigned ti< aelect, continuously, for 

tranaformanta which would retain a auitabla GPXba expreeaion 
plaamid. 
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pCDMB vctor, (d.v.lop.d by S..d *t al., HatUTt, «•> 840- 
842 (19S7) and availabl. from Invitrog.n, San Di.go, CA) was 
modifi.d by Dr. Timothy CTeol., eoripp. Clinio .nd F....ich 
Foundation, La Jolla, CA to lnolud. « n.omyoin r..l.t.nc. g.n. 

5 (pho.photran.fr... II) that wa. olon.d into th. BamHI 

r..triction .it. of pCDM8 «. • P«t of a 2000 b... p.ir B.mMI 
fragment. Th. prot.in produc.d by th. neomycin (n.o) g.n. 
al.o conf.r. r..i.tane. against oth.r aminoglyco.ido 
antibiotic, .uch a. C.n.ticinO C418 .ulfat. (Gibco/Lif. 

10 Technologies, inc., caith.r.burg, MO). 

s.v.ral oth.r .uitabl. sxpr..*ion v.otor. containing 
n.omyoin r..i.t.nc. mark.r. ar. commercially availabl.. 
Exar.pl.. includ. pcDNA 1- (invitrog.n, San Di.go, CA) , Rc/CMV 
(invitrogon, San Di.go, CA) and pMAH- (Clontech, Palo Alto, 
15 CA). If n.c...ary th. CPIbo fragment nay b. diff.r.ncly 
r..trict.d or aodifi.d for expression capability in th... 
oth.r .xpr...ion pl..mid.. 

Th. Xhol-Notl fragment from pBlu..cript KS- plasmid was 
ln..rt.d into pCDMS- which had b..n r.stricc.d with Xhol and 
20 Notl. Ampieillin ..n.itiv. IL-fiflli -train Xi-127 e.U. 

(Invitrog.n, La Jolla, CA) w.r. transform.* with th. r..ult.nt 
ligatad DMA mixtur. following th. m.thod of Hanahan, J . HQ li 
Biol. . S57-580 (1983). 

Pla.mids from r..ultant coloni.. w.r. charact.riwd by 

25 restriction mapping and DHA sequencing to identify coloni.. 
which contained the intended insert. One .uch plasmid 
(designated pKWl) , wa. maintained in £i_£ftli urain XS-127, 
and was selected for mammalian cell transformation procedures. 

Prior to us. in transforming mammalian calls, superooi:.d 
30 plasmid. (pMWl) w.r. reoov.r.d irorn host E . col l by th. 

alk.lin. c.ll lysU proo.dur. of Birnbeia and Doly follow.d by 
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purification by CaCl/.thidiu. broBid. aquilibrium 
c.ntrifugation according to Maniati. al. , at 1.42. 

pZ v.. introducad into CHO-K1 Chin... h.B.t.r ovary call. 
5 (ATCC-CCL* 51) by a .tand.rd c.lcivm pho.phat.-..di.t.d 
tran.f.ction proc.dur.. Ch.n .t .1., Mai , Mil. 
274S-27S2 (1987). 

CHO-X1 call. war. grown to- conflu.nc. .t 37-C in Dulbacoo'. 
aodifi.d E.gl.'. »adiuB (DMEM) (Cibco/Lif T^chnologi.., Inc.. , 

xo Caith.r.burg, MD) .u PP l.».nt.d vith 10% h.at-inactivat.d fatal 
calf ..ru» (res. Oiboo), 0.5 «M of ..ch nona.-.nti.l amino 
.oid (fro- NEAA .uppl.m.nt, Whitfk.r, W.lk.r.villa, MO) and 
3.8 mM L-glutamin. und.r a 81 CO, .tmo.ph.r., tryp.inltad a. 
•laboratad b.low, and th.n .uboultur.d 24 hour, prior to 

15 tru.fcn.tion at a dan.ity of 1.25 x io» e.ll. p.r 60 « 

ti..u. cultur. di.h <approxi»ately 25% of conflu.no. . CH0-K1 
ell. h.v. • doubling Mm in DMEM/10% FC8 of .pproximataly it 
hour, und.r th... condition.. 

To acco»pli.h tranafonnation, pMWl P la«nid. w.r. r.cov.r.d 
from cultur.. of E*_£flli strain XS-127, according to th. 
B.thod of Birnboi. and Doly. 10 ^ of pla.»id. wa. appliad to 
th. ell. of ..oh «0 tn» di.h in a calcium pho.phat. •°™ i< > n 
aocording to th. B.thod of Ch.n .t .1. Aft.r inoculation with 
pla.Bid th. o.ll. w.r. ..intainad in DMEM/10% FCS at 37-C in a 
25 5% CO, atao.ph.ra. 

Approxi»at.ly 48 hour, po.t-tran.fction and affr growth 
at 37«C in a 5% CO, atnoaphar., th. c.ll. w.r. tryp.init.d a. 
follow.. Growth aadium for ..ch di.h wa. raplacJ by 3 .C of 
a .olution of pho.phat.- buff ar.d .alina (37 bM NaCI, 27 *M 
KCl, 4.3 nM N.,HP0 4 .7H,0/1.4 bM K,HP0 4 , P H 7.4) containing al.o 
0.25% tryp.in, 0.2% (w/v) EDTA. Tryp.initation wa. conduct.d 
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for 3 ainutaa, Tha trypa in-containing aadiua was raaovad and 
tha diahaa wara than placad in tha incubator for a furthar 15 
ainutaa aftar which tha calla vara raauapandad in DMEM 
containiM 101 FC«. Tha oalla from aaoh diah vara than eplit 
5 20 fold, and platad at a danaity of approxiaataly 1.2 x 10 4 
oalla/60 aa diah (approxiaataly 21 of conf luanoa) . 

Production of atabla tranaforaanta, which hava intagratad 
tha plaaaid DNA, waa than acooapliahad by adding Oanaticina 
G418 aulfata to tha 60 an diahaa to a concantration of 0.8 

10 mq/ml. Growth waa continuad for 14 daya at 37 # C in a 3% CO, 
ataoaphara. Surviving indapandant coloniaa wara tranafarrad 
to 12 wall plataa uaing cloning ringa and than grown for 
anothar aavan daya in DMEM/ 10% FCfl aupplaaantad with 0.8 ag/a£ 
of Oanaticina. Undar thaaa conditiona 3 to 7 surviving 

15 coloniaa par plata wara apparant aftar 10-14 daya. 

Approxiaataly 100 atabla transforaanta can ba iaolatad froa 
aach original 60 aM diah originally containing approxiaataly 5 
x 10 s calla at a plata danaity of approxiaataly 70% of 
conf luanca. 

20 Baaad on acraaning with tha LJ-P3 anti-GPXba monoclonal 
antibody, aora than 50 parcant of 0418-raaistant call linaa 
produoa antigan oorraaponding to aatura GPZba polypaptids. 
Tha apacifio gaoaatry of intagration of aaoh clona praauaably 
pravanta axpraaaion in all caaaa. Stabla tranaforaanta wara 

25 than culturad and aaintainad at all tiaaa in aadiua containing 
Oanaticin* G418 aulfata (.8 ag/at) t-* t^ly continuoua 
aalaction. 

Coloniaa axpraaaing tha racoabinant aatura GPIba 
polypaptida wara datactad by dot-blot analyaia on nitro- 
30 calluloaa aftar lyaia in buffar. Aa a control, racoabinant 
call axtracta wara coaparad with that from nontranaf actad CHO- 
KS. c Via. 
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To prepare cell extracts, non-tranafectad or tranafected 
CH0-K1 oalla vara hirveeted with 3.5 *A EOTX and reeuapanded 
in 0.25 M Tria-HCl yH 7.5 (10» calli/tO, Calla vara lyeed by 
thraa eyclaa of fraaring and thawing and cantrifugad at 12,000 
5 g to ramova cell dabria. Tha raaulting auparnatant waa kapt 
at -70*C aa call axtraet. 

To prapara aaicplaa of cultura medium containing aecrated 
GPIbo antigen, 80% confluent non-tr ana formed or tranaformed 
CHO cella grown in medium containing FCS ware waahad once with 

10 earum-free medium, and than fad with eerum-frae nadium 

aupplamented with L-glutaaina and nonessential amino aoida. 
After 24 hours, tha medium waa collected and cantrifugad at 
12,000 g to remove cell debria. The correaponding 
aupamatanta ware pooled and stored at -70«c until uaad. 

15 Monoclonal antibodiea LJ-lbl Handa at al. and LJ-P19, which 
reoognice OPXba native conformation ware uaad aa primary 
antibody. Tha aacondary antibody ( w I-rabbit anti-mouae IgO) 
which had been labelled by the method of Fraker at al., 
moeham. Biophva. Re «- Conrnun.. SO, 849-857 (1978) waa 

20 incubated for 2 houra at 25»C on a nitrocellulose ahaat. 
After rinaing, the nitrocelluloae waa developed by 
autoradiography to identify eoloniaa expressing OPXba antigen. 

Extracta from pMWl-tranaformad cella contain aa a minor 
component a glycoprotein Ibo antigen having an approximate 

25 apparent molecular weight of 79 kDa aa measured by SD9- 
polyacrylamide gel electrophoresis unci"»r reducing or non- 
reducing conditions. Thia band repreeenta full length 
glycoprotein Ibo chain (reeiduaa 1-610 and minua the aignal 
peptide) without glycoaylation. The 79 kD'i polypeptide reaeta 

30 with anti-CPlba monoclonal antibody XJ-IB«1 whiol- haa ita 
epitope in the amino teti-minal region of the denatured (a) 
polypeptide, whether in reduced or unreduced form, the 
relatively email proportion of thia apeciea indicataa ita 
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inherent instability and rapid protaolytio procaaeing. 
Componenta of oliqomario membrane cemplexee (auoh aa 
GPXha«GPXb£*GPXbXX) that fail to aaaa&bla proparly ara not 
tranaportad bayond tha endoplasmic reticulum and ara degraded 
5 intracallularly. Thua expression of tha (a) gene without 
simultanaoue axpraaaion of tha (0) and (XX) ganaa ia not 
axpactad to result in tha iaolation of an (a) polypeptide or 
biologically active forma thereof. (Lopes, J. A, at al«, 
circulati on. 82(4), 597a (1990), Krangel, M.S. et al., £fill, 
10 18, 979-991 (1979), Wooda, CM. at al., £ftll, 40, 959-969 
(1985), Minami, Y. et al., Proo. Matl. Acad. Sol. UflA, 84, 
3688-3893 (1987)). 

Aa expected, the 79 kDa polypeptide vaa not detected in 
culture medium from pMWl tranaformed calls. Xnatead the major 

15 GPXb(a) polypeptide iaolated from auch medium haa an 
approximate apparent molecular weight of 45 kDa, 
oharaotariatio of tha proparly glyooaylatad amino terminal 
domain of GPXba. The preaanoe of thia apaoiea in the culture 
medium of pMWl transformed cells demonatratea that the amino 

20 terminal domain of GPXba can be processed aa a aacratory 
protein and reachea atruotural maturation (A) in tha abaence 
of aaaambly of the other oomponenta of tha iPXb complex and 
(B) in apita of tha uaual protaolyaia of tha full length GPXba 
polypeptide. 

25 Xt ia anticipated, however, that stable cell linea will be 
found which allow for mora eubetanv<al axpraaaion of tha full 
length polypeptide, and the proper folding and glycoaylation 
thereof. Aa demonatrated below, the Hia'-Ala 1 " fragment 
containa aufficient primary sequence information to be 

30 aaaembled into a structure poesessing domaina of tertiery 

atructura praaant in i<ativa glycoprotein Iba. Xt ia expected 
that the expreaaion of a polypeptide containing the amino aoid 
sequence from approximately His' to approximately Ala 909 , and 
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additional GPIba nequenca on tha carboxy terair.t': aide of 
Ala w , will also raeult in a polypeptide poeeaeeing tha 

biological activity of tha 43 JcDa fragment. 

Exempli 10 

S Expraaaion of a Hia , -Ala m OPIba 

rr'T" nt *" atable ymmallan Tranaf omenta 

Thia example danonatrataa oonditiona undar which a HNA 

aaquanca encoding tha fragment of matura GPIbo polypaptida 

having an amino terminua at Hie 1 and a carboxy tarninua at 

10 raeidua Ala* 1 tharaof nay ba fwpreeeed in and aacratad fron 

culturad mammalian calla. 

Tha following Beet ion concerne prinar diractad 
amplification of DNA. pBluaacript KS- containing at ita BamHI 
aita tha 2161 Laee pair fragment (nuclaotidaa 903-2664 
15 according to Wenger at al.) vna aubjactad to antymatic 

amplification in a polyneraae ohainTaaotion according to tha 
nathod of Saiki at al., and following ganarally tha procaduraa 
of Example 9, abova. 

Tha following oligonuclaotidaa wara eynthaaized by tha 
20 phoaphoraaidita nathod, Sinha at al., uaing a nodal 380B 
autonatad eyetan, Appliad Bioayatama, Foatar City, CA. 

Nuclaotidaa ara ahown uaing tha numbering ayatan of Wangar at 

al. for tha GPIba gena. 

Oligonuclaotida (C) 

25 502 525 

* I 
5* GGATCCA CTCAAGOCTCCCTTGCC 3' 
BamHI 

Oligonuclaotida (D) 
30 3 1 CAG TTC AAG GGG TGG TTT CG 5« - link with BamHI 
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5* oto sag tto ooo too aaa 90 3* 
Val Ala 

296 302 

(nucleotide positions 1470-1489) 

8 oligonuclaotide (C) is equivalent to nontranaaribed 
(coding) strand DNA. Oligonualaotida (D), shown in eapltal 
latters, is equivalent to tranacribed (nonooding) atrand DNA. 
The corresponding coding strand for oligonucleotide (D) is 
shown 5' -» 3' with the encoded amino acida shown by standard 
10 three latter designation. 

A BanHZ linker was addsd to the amplified double stranded 
DNA sequence 3* to the partial Ala m oodon thereby completing 
the codon and enabling the DNA to function as a BamHZ insert. 
Roberts et al., Halux*, s«S, 82-84 (1977). 

15 The amplified fragment vaa than olonad into tha BamHI aita 
within tha nultipla oloning aaquanca of tha doubla atrandad 
raplicativa form of M13mpl9 baotariophaga. Tha ability to 
iaolata a atabla aingla atrandad (+) form of tha virua ia 
particularly uaatul to varify tha intagrity of any olonad 

20 aaquanoaa tharain. Saa, for example, Maaaing and Yaniah- 
Parron at al. 

Accordingly , tha OPZba DMA inaart vaa conplataly aaquanoad 
uaing air;*** atrandad didaoxy methodology, Sangar at al., 
utilizing tha oingia atrandad {+) form of M13mpl9 to confirm 
25 that tha GPIba fragment contained tha correct coding sequence 
for tha region of GPIba DNA repreeented by nucleotides 502 to 
1489 and including a codon for tha initiating methionine,' the 
remaining 15 raaiduaa of tha signal peptide and residues 1 to 
302 of the amino tannin* 1 region of mature GPIba polypeptide. 
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Saquencing in Ml3apl9 establiahed nuaeroue clones having 
insert orientation at the BaaHI aita auitable for axpraaaion 
froa pCDMS- plaeaid. Tha OPIba aaquanoa of ona such olona vaa 
rsaoved froa H13apl9 aa an EcoRI (S«) - XbaX (3«) fragaent 
5 which vaa than clonad in*o tha polylinxer region of 

pBluaacript K8-. An Xhol (3«) - HotI (3«) fragaant of thia 
aaeond inaart vaa than raaovad froa pBluaacript K8- and clonad 
into pC0M8- , # which had baan raatriotad with Xho and Noti, 
following tha procaduraa used for inaartion of pMWl (aaa 
10 Example 9) . 

Ampioillin aanaitiva e. coli atrain SX-127 calla 
(Xnvitrogen, 3an Diego, CA) vara tranaforaad with tha 
raeultant ligatad DNA Fixture following tha aathod of Hanahan. 

Plaaaida froa roaultant colonioa wara characterised by 
13 raatriction napping and DNA aaquancing to idantlfy coloniaa 
which contained tha intended insert. One auch appropriate 
plasaid (deaignatad pKH2) waa maintained in Ei COli atrain XS- 
127, and waa selected for aaaaalian cell transformation 
procadurea. 

20 Prior +o use in transforming aaaaalian calla, supareoiled 
plaaaida (pMW2) ware reoovered froa hoat g, qqU by tha 
alkaline lysis procedure of Birnboin and Doly followed by 
CsCl/ethidiua broaide equilibrlua centrifugation according to 
tha prooadure of Exaaple 9. Tranaforaation of CH0-K1 calla 

25 also followed the procedure of Example T for pMWl plasaid. 

gvmwnl* 11 

Demonstration of Native Tertiary Structure in tha 
p»1yn«pfcld« Product hv t»MWl ««d nMWS Plaemlda 

The presence of OPXb? mtigen in stable traneformant calla 
30 (containing pMMl or pMM2 plasaid) was daaonatratad by applying 
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cell lyaateo or oulturr medium from CH0-X1 containing dishes 
(both prepared as in Example 9) tw nitrocellulose. 

10 fit aliquota of lysata or culture medium were spotted 
onto nitrocellulose membranes (.45 micron port Mis*, Bio-Rad, 
5 Richmond, CA) and air dried. The membrane waa then eoaked 
with constant shaking for 2 hours at 22-25*C in "Blotto" (S 
mg/m« fat-free dry milk, 0.25 mM phenylmethyl eulfonyl 
fluoride, 0.15 M NaCl in phosphata buffar pH 7.3), a protain 
blocking solution to inhibit ronspacifio interaction. 

10 Tha membrane was than inoubatad with nativa OPZbo 

conformation-requiring monoclonal antibody (5-10 of LJ- 

Zbl or LJ-P19) for two hours at 22-25'C. Aftar washing 3 
times with Blotto f the membrane was transferred to a solution 
of '"X-labelled rabbit anti-mouse ZgO (0,08-0. 16 mCi I m per 

15 dot) and incubated for 2 hours at 22-25'C. The wash with 
Blotto was repeated 3 times prior to drying and making the 
autoradiograph (using Kodak AR film) . 

Figure 4 demonstrates results with LJ-Zbl and U- P19 
primary antibody uaing cell extract or culture medium from 

20 pMWi and pMW2 transformed cells. Cell extract and culture 
medium from untransformad CH0 calls ware used as controls. 
Figure 4 demonstrataa that rXbel antigen and rlba2 antigen 
(produoed by pMWl and pMW2 transformants raapectively) , 
whether isolated from cell lysatas or culture medium, preaant 

25 domains of tertiary conformation present in native GPIba. 
Similar results were obtained using another conformation 
dependent anti-GPIba monoclonal antibody, LJ-P3. 

EXlfflPlt 12 

Intracellular Proceeding of tha GPIba 
30 Polypeptid e Produced bv pMW2 Plasmld 
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Polypeptidee produced by pMW2-tranaforaed CHO-Kl celle from 
• rapraaant.etive cell line were charadturi«ed under reducing 
conditione by ianunob letting ("W#atern blotting") following 
the procedure t>: Hand* et al. 8«« alto Burnatt at al., Kx. 
5 mel. alochaa. . lit, 193-203 '1981). 

Tha dieulfida bonda of tha pHwa polypaptidaa vara raducad 
prior to electrophoreaie by traataent with 30 raM 
dithiothraitol at 37 »C for 1 hour in tha abaanoa of danaturing 
aganta. Eleetrophoreeia waa perfonwd on a ■odium 

10 dodaoyleulfata polyaerylaaida 101 gal (8D8-PA0E) and protain 
samples wara than atainad with Cooaaaaia Brilliant Blua. 
Protain banda froa duplicate gala wara tranafarrad to 
nitrocellulose (.45 micron pore sice, BioRad, Richmond, CA) 
uaing 330 ailliamparaa par gal at 3«C for 18 houra. CPIba 

15 antiganie aaterial waa viaualiiad by firat inoubating tha 
nitrooalluloaa aaabrana with LJ-Ibal monoclonal antibody, tha 
apitopa of which haa baan pravioualy idantifiad on tha raducad 
33 kDa aaino tarainal fragaant of CPIba, Vicanta at al. 

Zaaunoroactiva banda wara viaualiiad uaing m X- rabbit anti- 
30 nouaa IgO aa aeoondary antibody, labelled by tha aathod of 
Prakar at al. 

Extracts froa CHO-Kl oalla tranaforaod with pMW2 plaaaid 
which wara run undar raducing conditione ravacl a proainant 
pracuraor polypaptida apaciaa of approxiaataly 60 kDa apparant 

25 aolacular waight probably poaaaalng incoroletely procaaaad 
pracuraor carbohydrata(Pigura 5). Polypaptida froa cultura 
aadiua taatad undar aiailar conditione ia ravaalad aa a band 
of approximate 43 kDa apparant aoleoular weight, consistent 
with the known weight of the aaino tarainal 43 kDa tryptic 

30 fragaent. Extracts froa platelete reveal the expected full 
length. 145 kDa GPIbo polypeptide. 
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i. •awpit 13 

Botrocetin-Xnducad Binding of m l'l*T to the 
pPTh/wt Polypept ide Produced bV »MW2 PlUflBld 

It has been demonstrated that botrocetin, axtraotad from 
S tha vanoa of rn» h ™™ 4araraca. modulates tha In YitXQ binding 
of aultlaeric von Wlllabrand fautor to plateleta (Pa ad, at al. 
p™«. Witl. A cad, gel.. 73, 4514-4318 (1978)) and that 
botrooatin binda to vtfF within tha rag ion tharaof containing 
amino aoid sequence positions 441-733 (of tha aatura eubunit) , 
10 and thua tha OPZb binding domain. (Andrewe, U.K. at alt, 
nlnchemiatrv . 28, 8317-8326 (1989)). Thie example 
damonatrataa that tha Hie'-Ala* 8 polypaptida producad by CHO-K1 
cells stably transformed with pMW2 plasmid is functionally 
active. 

IB rifty st volumes of culture media (DMEM without > CI) from 
pMW2 tranaformed CHO-K1 cells (at or near oonfluonea) were 
placed in microti tar walla with eireular nitrocelluloae 
membranes (8 nm diameter) and inoubatad at room temperature 
for 30 ainutaa. Tha filters wara than washad two tinaa with a 

20 aolution of 20 nM Hapas, pH 7.4, 180 bN NaCl, and 6t bovine 
earum albumin (HEPE8/B8A) . To minimiEe background cauaad by 
nonspecific interaction, blocking with HEPES/BSA was continuad 
for 2 daya at 4*C. 

To initiate tha aseay, 30 st volume a of monoclonal anti- 
25 OPXba antibody (raaulting in apeoified final oonoantrationa 
tharaof, Figure 6) wara incubated with tha culture medium- 
coated nitrocelluloao membranes for -5 minutea at room 
temperature. A Bixtura comprised of 10 nt of IM I-vWF and 10 fit 
of botrocotin (Sigma, St. Louis, MO) was proincubatad for S 
30 ainutaa at rooa temperature and than added to the aicrotitar 
walls for a further ..S ainuta incubation. Tha raeultant 
botrooatin concentration waa 5 jig/at. The filtara wara than 
waahad 4 tiaea with HEPES/BSA. Bound m Z radioactivity waa 
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than datarmlnad for aach nitrocalluloaa f iltar to maaaura 
Lotrocatin-induoad vWF binding to rlba2. 

Figura 6 damonatrataa tha functional activity of tha Hia 1 - 
Ala ra GPZba polypaptida. Antt-CPZbo aonoclonal antibody LJ-Ibl 
5 (100 nqfnt) and LJ-IblO (100 M9/»*> «ubatantially inhibit 
rlbaa polypaptida-vWF intaraotion •■ pradietad by tha fact 
that LJ-Xbl and LJ-ZblO ara known inhibitora of OPZba-vWF 
intaraotion. LJ-Xbl raeognizaa a nativa conformation- 
dapandant apitopa of GPZba. Hand*, at al., and alao Vicanta, 
10 at al. 

Figura 6 danonatrataa alao that aonoclonal antibodiaa "LJ- 
P3" and "329" do not inhibit rIbo2-vWF intaraotion. Thia ia 
axpactad ainca although antibodioa LJ-P3 and 229 hava apitopaa 
on OPZba and vWF raepactivaly, thay Inhibit tha binding of vWF 
IB to platalata only vary waakly. 

Evamnla 14 

Ristoc»»tin-Znducad Binding of IM I-vWF to tha GPZb(a) 

Pnlvpaptld* Praduead bv PMW2 Plaamid 

Thia axanpla alao danonatrataa that tha Hia'-Ala 10 
20 polypaptida produoad by CH0-K1 calls atably tranafonnad with 
pKW2 plaamid ia functionally aetlva. To parfora tha aasaya, a 
davica uaad for tha anzyma-llnkad immunof iltration tachniqua 
(ELIFA) waa adaptad in combination with immobilisation of 
racombinant pMW2 polypaptida. Tha 45 kDa GPZba fragmant waa 
25 ismobilizad onto a nitrocalluloaa mambrnna (0.45 n poro aiza) 
placad at tha intarfaoa batwaan a 96-wall unpla application 
plata and a vacuum chambar. Commarcially availabla filtration 
and pump matariala wara uaad. 

Immobilisation of tha 4!< kDa fragmant waa accompliahad by 
30 cauaing a 200 ul voluma of cultura madium from pMW2- 
tranaformad CHO calla to ba vacuum-drawn through tha 
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««.', h.r.ln oo.prl.ln, J. - »« »•«. »« »" .«•«. 

5 Tna ,l ./v bovln. *IMU (Clblooh.., U **U. CM . 

Mt.r oo.pl.tlon of th. .boy. prowdur. to .lnl.lt. 

o"r . » »ln»t. P«lod. Pr.inoub.tlon In th. .0 ,1 .1 *»t 

- roo. t»p.r.tur. for 3. .Inut" u.ino 
v.riou. =onc.ntr.tl.n. of rl.toc.tln (.-*.« 
.p.dfl.d »ou„t of '»!-»« («•» W/»l "•^ « " I,,elfle 
15 activity of l.U x I'* •»*/■»>• 

Th. »«br.n. v.. th.n .lied to dry Mid dl.o. 
o.r«^"ln, to th. po.ltl.n of .«h .ppXlo.tl.n w.11 
out out .nd count.d In . 7 .olntlll.tl.n 
d.t.r-ln. bound r.dlo.ctlvlty. An «t.r.dloor.ph of th. 
a , ...br.n. «. .1" obt.ln.d b.f.r. ^^^V^^ 
ord.r to uo.rt.ln th.t th.r. «• no Mkw of r.dlo.otlvlty 
froa on* wall to »noth«r. 

-X-VHP radioactivity bound wa. dat.ri.inad a. a function of 
th. ri.toc.tin conc.ntr.tion ...aur.d in th. P"^*'" 0 ? 

25 »ixtura. in th. control (no ri.toc.vfn) only approxiaataly 

" : f co^t. par *inut. <cp», war. d.t.ot.d par 

tram th. w.ll. for which pr.incubation with 1.0-2.0 »a/»l 
Tutocatin wa. p.rfor,.*, approxi.at.ly 850 cp* w.r. r.cord.d. 

Si.ilar .xp.ri-.nta w.r. ^^^^^ 
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recorded. Ueing preincubation concentration* of botrocetin of 
•bout 0.5 fig/al and above approximately 2100 cpm par wall were 
recorded. Bound radioactivity roee aharply to near 2000 
cpn/well between 0 and approximately 0.25 pg/nl of 
5 pre incubating botrocetin. 
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whufc im claimed ill 

1. A peptide which inhibits binding of von Willebrand 

factor to platelet aaobr.'ne glycoprotein lb and/or 

glycoprotain lb expreaoed on tha ourfaca of any call of 

megakaryocyte llnaaga ealactad from tha group of paptidaa 

consisting oft 

NLDRCELTKLQVDCT 
QVDOTLPVLOTLDLf 
TLDLSKNQLQSLPLL 
QTLPXLTV LDVSFHR 
LKTLPPOLLTPTPKL 
NCEILYFRRWLQDNA 
QONAEHVYVWKQCVD 
6NVASVQCDN8DKFP 

2. A paptida of Claim 1 having tha amino acid saquanca 
NLDRCELTKLQVDCT and conatituting rasiduaa 61-73 of tha amino 
tarainal and of glycooaliein. 

3. A paptida of Clain 1 having tha amino acid saquanca 
QVDGTLPVLGTLDLS and conatituting raaiduaa 71-83 of tha amino 
tarainal and of glycooaliein. 

4. A paptida of Claim 1 having tha amino acid saquanca 
TLDLSKNQLQSLPLL and constituting raaiduaa 81-93 of tha amino 
tarminal and of glycooaliein. 

5. A paptida of Claim 1 having tha amino acid saquanca 
QTLPALTVLOV8FNR and constituting rasiduaa 97-111 of tha amino 
terminal end of glycooaliein. 

6. A peptide of Claim 1 having the amino acid sequence 
LKTLPPGLLTPTPKL and conatituting residues 136-150 of tha amino 
terminal and of glycooalioin. 

7. A peptide of Claim 1 having tha amino acid aaquenoe 
NCEZLYFPJWLQDNA and conatituting raaiduaa 210-224 of tha amino 
terminal and of glycocaliein. 

8. A peptide of Claim 1 having tha amino acid sequence 
QDNAEHVYVWXQGVD and constituting raaiduaa 221-233 of tha amino 
terminal and of glycooaliein. 
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9. A peptide of Claim 1 having the amino acid aaquanca 
SNVASVQCDNSDKIT and constituting residues 241-255 of th* anino 
terminal and of glyoocalioin. 

10. A paptida comprising any aaquantial aubaat of tha 
amino acid aaquanca of a paptida of Claim 1 and darivativaa 
tharaof and which inhibits binding of von Willabrand factor to 
platelet mambrana glyeoprotain lb and/or glycoprotain lb 
axpraaaad on tha aurfaca of any call of magakaryooytic 
linaaga. 

11. A darivativa of a paptida according to Claim 1 or 
Claim 10 which includaa an additional paptida aaquanca. 

12. A mathod for inhibiting activation or aggragation 
of platalata and/or adhaaion of platalata to aurfacaa 
comprising contacting tha platalata with a paptida according 
to Claim 1, 10 or 11 in an amount affactiva to inhibit aaid 
activation, aggregation, or adhaaion. 

13. A mathod for inhibiting . thromboaia in a patiant 
which oompriaaa administaring to aaid patiant a paptida 
according to Claim l, 10 or 11 in an amount affactiva to 
inhibit said thrombosis. 

14. A composition comprising 2 or mora paptida* of 

Claim 1. 

15. A darivativa of a paptida aooording to Claim l or 
11 in aatarified, aoatylatad or glycosylatad form. 

16. A polymer which inhibits binding of von Willabrand 
factor to platelet membrane glycoprotein lb and/or 
glycoprotain lb expressed on the surface of any cell of 
megakaryooytic linaaga and which ineluac* the following 
multiple domains! 

domain A - a sariss of amino acids which constitutes 

any aubaat of tha art no acid eaquenee of the 
45 kDa amino terminal fragment of GPIba; 

domain B - a eeriei of amino acida which conatitutea 

any aubaat of tha amino acid aaquanca of the 
45 kOa amino ♦ .■•ainal fragment of GPZba and 
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vhioh nay be the same or different from that 
of domain A; and 
domain C - a linkar which joins domain A and domain B. 

17. A polymar according to Claim 16 vharain said 
•arias of domain A end 3 ara the same. 

18. A polymar according to Claim 16 vharain said 
sarias of domain A and B ara different. 

19. A polymar according to Claim 16 vharain said 
linker comprises a monomer ic or polymeric group. 

20. A polymer according to Claim 19 wherein said 
linker comprises a sequence of amino acids. 

21. A polymer according to Claim 16 vharain domain A 
comprises QVOOTLPVLGTLDLS or TLDLSHNQLQSLPLL and domain B 
comprises SDKFPVYKYPOKOCPTLODEODTDLYDYY • 

22. A polymer according to Claim 16 vherein domain A 
comprisec any subset of the amino acid sequence of 
QVDGTLPVLGTLDLS or TLDLSHNQLQSLPLL and domain B comprises any 
subset of the amino acid sequence of 
SDKFPVYKYPGKCCPTLCDEGDTDLYDYY . 

23. A synthetic polymer vhich inhibits binding of von 
Willebrand factor to platelet membrane glycoprotein Zb and/or 
glycoprotein lb expressed on the surface of any cell of 
megakaryocyte lineage and vhich comprisss one or more 
sequences of amino aoids of the glycoprotein Zba chain, said 
sequence (s) being normally positioned at or near the surface 
of the Iba chain in its native conformation and capable of 
interacting with von Willebrand factor. 

24. A method for inhibiting activation or aggregation 
of platelets and/or adhesion of platelets to surfaces 
comprising contacting the platelets vith a derivative of Claim 
15 in an amount effective to inhibit said activation, 
aggregation, or adhesion. 

25. A mat hoc for inhibiting thrombosis in a patient 
vhich comprises administering to said patient a derivative of 
Claim 15 in an amount effective to inhibit thrombosis. 
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26. A method for inhibiting activation or aggregation 
of platolete and/or adheaion of platelets to surfacos 
comprising contacting tha plateleta with a polymer of Claim 16 
in an amount af factiva to inhibit said activation, 
aggregation, or adhaainn. 

27. a method for inhibiting activation or aggregation 
of plateleta and/or adheaion of platelete to aurfacea 

! comprising contacting the plateleta with a polymer of Claim 23 
in an amount effective to inhibit caid activation, 
aggregation, or adheaion. 

28. A method for inhibiting thromboeie in a patient 
which comprise* adminiatering to aaid patient a polymar of 
Claim 16 in an amount effective to inhibit thrombosis. 

29. A method for inhibiting thrombosis in a patient 
which comprieea administering to said patient a polymer of 
Claim 23 in an amount effeotiva to inhibit thrombosis. 

30. A method for inhibiting aotivation or aggregation 
of plateleta and/or adhesion of plateleta to aurfacea 
compriaing contacting the plateleta with a Ser^-Tyr*" fragment 

of glycoprotein Zba. 

31. A method for. inhibiting thrombosis in a patient 
which comprieea administering to said patient a Ser^'-Tyr*" 
fragment of glycoprotein Iba. 

32. A polymer according to Claim 16 wherein domain B 
comprieea a peptide choaen from one of 
SDKFPVYKYPGKGCPTLGDEGDTDLYDYY , 8DKFPVYKYPGKGCP , 
GKCCPTLGDEGDTDL, GDTDLYDYYPEEDTE, EEDTE and EEDTEGDKVRATRTV. 

33. A polymer according to Cxcim 16 wherein domain A 
comprises a peptide chosen from one of QVDOTLPVLGTLDLS , 
TLDLSHNQLQSLPLL, QTLPALTVLOVSFNR, and MLDRCELTKLQVDGT . 

34. A pCDlW^-based expression plasmid having the 
identifying characteristics of pMWi or pMW2. 

35. A host cell transformed by a plasmid according to 
Claim 34. 
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36. a recombinant DMA expression plasmid or viral 
egression vector ancoding a polypeptide vhich inhibit* 
binding of von Hillabrand factor to platelet membrane 
glycoprotein lb, said plasmid e* vector including a nucleotide 
sequence encoding the amino acid sequence from approximately 
His 1 to approximately Ala" 8 , inclusive, of the amino terminal 
region of platelet membrane glycoprotein Ibo, or one or more 
sequential subsets thereof. 

37. An expression plaemid or viral expression vector 
according to Claim 36 wherein s%id nucleotide sequence encodes 
the amino acid sequence from approximately Hio 1 to 
approximately TYx"*. 

38. An expression plasmid or viral expression vector 
according to Claim 36 wherein said nucleotide sequence encodes 
the amino acid sequence from approximately Gly* 71 to 
approximately Clu* 5 . 

39. An expression plasmid or viral expression vector 
according to Claim 38 wherein said nucleotide sequence encodes 
also the amino acid sequence from approximately Gin 71 to Bmr". 

40. An expression plasmid or viral expression vector 
according to Claim 36 wherein said nucleotide sequence encodes 
the amino acid sequence from approximately Ssr 151 to 

approximately Tyr*". 

41. An expression plasmid or viral expression vector 
according to Claim 36 wherein said nucleotide sequence further 
encodes a signal peptide. 

42. An expression plasmid according to Claim 36 which 
is derived from pCDM8, pCDM8— , ' pcDKM. pcDMAl~, pMAM, pMAM— 
or RC/CMV. 

43. A mammalian host cell transformed by an 
expression plasmid or viral expression vector according to 
Claim 36. 
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aa A host cell according to Claim 43 which is 

,lyc«.lieln eo»p^.in9. r .pU«bl. 
pl.«ld or viral «p „ucl.otid. ..qu.no. 

n ^£J£». - K1 "" W ' lyOOPt0t * ln 

.t.D of r.eov.rii>« poWpti... 
co.pri.ln, th M** or ylMl mf „ m ^ v .ctor 

!\'« iba consisting essentially of the sequence of 
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52. An expression plasmid or viral expression vector 
capable of directing the expression of a polypeptide, and 
which contains a transcriptional promoter followed downstream 
by a DNA sequence according to Claim 51. 

53. An expression plasmid or viral expression vector 
according to claim 52 containing a signal peptide-encoding 
sequence positioned upstream from and in proper reading frame 
with said glycoprotein Iba-encoding DNA sequence, said signal 
sequence capable of directing or facilitating the secretion of 
the polypeptide from a eucaryotic cell. 

54. A recombinant eucaryotic or procaryotic host cell 
transformed with an expression plasmid or viral expression 
vector according to Claim 52. 

55. A process for producing a biologically active 
polypeptide from DMA corresponding to that fragment of mature 
glycoprotein Ibo comprising the amino acid sequence from 
approximately residue His 1 to approximately residue Ala** 
thereof, or a subfragment thereof, comprising: 

(A) constructing a DNA sequence, a first region of which 
encodes said fragment or subfragment and a second 
region of which encodes a signal peptide, said second 
region positioned upstream from and in proper reading 
frame to said first region; 

(B) inserting said DNA sequence into a suitable plasmid or 
vector to create a construct comprising an expression 
plasmid or viral expression vector, said construct 
being capable of directing the expression in, and 
secretion from, eucaryotic c*lls of said fragment or 
subfragment; 

(C) transforming a eucaryotic host cell with said 
expression plasmid or viral expression vector; and 

(D) maintaining said transformed host cell under 
conditions resulting in expression within the host 
cell and secretion therefrom of the fragment or 
subfragment, said conditions resulting also in the 
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fragment or aubfragmant assuming * tertiary structure 
which is recognised by one or more conf ormation- 
depandent glycoprotain Iba-apecific antibodies. 

56. A procaaa according to Claim 53 in which thera ia 
affactad glycoaylation of tha fragment or aubfragnant. 

57. A biologically activa polypeptida comprising 
aaaentially a His'-Thr 3 " or Hia'-Ala" fragment of glycoprotain 
Iba, or ona or mora sequential sublets tharaof , aaid 
polypeptide produced by a procaaa which utilizes cloning of a 
recombinant DNA molecule. 

58. A polypaptide according to Claim 57 having 
domains of tertiary structure exhibited by platelet 
glycoprotain Iba. 

59. A proce*a according to Claim 55 in which tha 
fragment or aubfragmant ia aasambled into a biologically 
activa atructura absent tha aimultaneoua expression of 
glycoprotein Ib0 or glycoprotein IX. 

60. A procaaa according to Claim 55 in which tha hoat 
call recognises tha glycoprotain Iba fragment or aubfragmant 
as a protein which should be processed for secretion. 

61. A therapeutic composition comprising one or more 
of the polypeptide structures according to Claim 57 or 58 
effective to inhibit bindinc of von Willebrand factor to 
plateleta, and a phannaceutically acceptable carrier. 

62. A method of inhibiting platelet activation and/or 
aggregation which comprises contacting platelets with an 
effective amount of a composition according to Claim 61. 

63. A method of inhibiting cdheaion of plateleta to 
surfaces which comprises contacting platelets with an 
effective amount of a composition according to Claim 61. 

64. A method of inhibiting thrombosis in a patient 
which comprises admini»tering to such patient tn effective 
amount of a composition according to Claim 61. 

65. An antibody which is specific for glycoprotain 
Iba or d polypeptide comprising one or more eequential subsets 
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thereof, said antibody being udi by a proeeea of ianuniiing 
aninala with a polypeptide according to Claia 57 or B8 and 
than isolating the epecified antibodiaa generated tharaby. 

66. A proeasa for expraaaing tha full langth OFXb(o) 
polypeptide, Hie'-Leu Me . or a fragaant thereof, eoapriaingi 

(A) constructing a DMA sequence which anoodaa aaid fu.M 
langth polypaptida or fragaant j 

(B) inaarting aaid DNA sequence into a auitabla plaeaid or 
vector to oraata a oonatruot oonpriaing an axpraaaion 
plaamid or viral axpraaaion vector, aaid conetruot 
being capable of directing the expreaaion in oalla of 
aaid full length polypeptide or fragment; 

(C) transforming a hoat oell with aaid expreaaion plaanid 
or viral expreaaion vector; and 

(D) aaintaining aaid traneforaed hoat cell 4 under 
oonditiona reeulting in expreaaion of tha full length 
polypeptide or fragaant. 

6? . A procoaa according tc t'laia 66 in which tha full 
length polypeptide, Hie'-Lau* 10 , or a fragaant thereof, ia 
expreaaed abaent tha siaultaneoua expreaaion of glycoprotein 
Ibfi or glycoprotein XX. 
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continuation of Part VI Observation, where unity of invention is 
Lacking 

Ii: That croup compri.ing tha Privative; of rjjptida containing 

lneludad in tha claimj, 
IV That group comprising tha polymer and method of using tha 

claims, 

v ?„•; s?««^^: s.i&n?s asrsi: 

subclass 12, claims (30-31) 

vt That group comprising tha pCDMS-basad plaemid, recombinant 
DNA. rSammalian host call transform, a process for 
oroducino a polypeptide, a viral expreaslon vector, a WK 
SJqlSScS'eneodil!? ? r -omint.. A xr«o«Mn.«t •ne.ryotic or 
procaryotxc hoat cell claaaifled in class 11<rtL 
320.l/<Claime 34-56,59-60) and the species of each produot 

abov« , 

350 (elVi«s,A7-58 and 61-64) and the species of His^Thr 
pr His^Ala 303 , 

VIII That group comprising the antibody classif ied in elaaa 530 
subclass 387, (Claim 65). 

IX That group comprising the proceae for J* 0 ™"*"* * tm \ m4mm 
polypeptide classified in class 435 •ubclaas 240.3 <;}•*»• 
66-67) and each apecie of peptide included in the claims. 

. Tha inventions listed es Groups I-IX do not meet the 

r.quiSmen;:"tor°Snity of Invention for ^^^^SSSSl^ 
the intermediate of Group I can be use* to inhibit thrombose as 
well as prepare the products of Groups x*. Ill and IV, tnere " 
no correlation betwenn the peptides of Group I and the method of 
Qrotl", the products and methods of Group VI, the active peptide 
It g?oud VII. the antibody of Group VIII or the process of 
Stressing the polypeptide^ of Group IX. Each invention in Groups 
!?-Ix"rS not dependent upon Group I for novelty and Jheref ore . 
there is a lack of any unity between the inventions of said 
Oreup* • . 
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During • talaphonie raquira»ant for alaction, on OB May 1991 
arolicant'a rapruaantativa, Mr. Alaxia Barron, alactad tha 
invention of Oreupa IV end VII and tha apaciaa of ©roup I- 
N-DRCELTXLOVDOT 
Oroup IV- A-QVD0TLPVL0TLDL8 
B-fDKmYXYPOKOLW^EODTDLYDYY 
Oroup VII Hie^-Ala 5 " for anamination. 

Applicant' » rapraaantativa alao authoriiad tha charging to 
tha Dapoait Account for paymart of additional axamination faaa 
totaling S300 for tha axamination of said invantiona. Tha 
additional anamination faaa hava baan chargad to Dapoait Account 

NU1 " b * Any * inquiry concerning thia communication ahould ba diraotad 
to Laatar L. Laa at talaphona nuabar (703) 308-3997. 
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